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THE INSTITUTE OF PETROLEUM 


Aw Ordinary General Meeting of the Institute was held at 26 Portland 
Place, London, W.1, on February 25, 1952. Mr M. A. L. Banks, vice- 
president, presided. 


The minutes of the previous meeting were read and confirmed. 


THE CuarrMaAN : I have to introduce the authors of the paper which is 
to be presented this evening, and it is a pleasure to do so. They are of the 
Esso Development Company, and they come from the laboratories at 
Abingdon, which is an organization famous for the standard of its work. 

I feel that no more introduction of these authors is needed from me 
and without more ado I will call upon Dr E. B. Evans to present the paper. 


VAPOUR AND AIR RELEASE FROM AVIATION 
FUELS 


By L. D. Derry (Associate Fellow),* E. B. Evans (Fellow),* B. A. 
FauLKNER (Associate Fellow),* and E. C. G. Jers * 


INTRODUCTION 


Tue advent of jet-propelled aircraft has brought with it many problems, 
not the least of which is that of fuel quality. While the gas turbine engine 
itself may be fairly non-critical in certain respects with regard to fuel 
quality, the use of the engine in aircraft imposes other limitations on the 
type of fuel which can be used. Conversely, the fuel may impose certain 
limitations on the design of the aircraft. The present paper deals with two 
of these fuel characteristics, namely the formation of vapour and the release 
of dissolved air from the fuel at high altitudes. Although these phenomena 
have presented some difficulties in piston-engined aircraft, the problems 
have been accentuated in jet-propelled aircraft on account of the much 
faster rate of climb and higher operational ceiling. 

Although initial jet engine development was carried out on fuels of the 
kerosine type, having a relatively low volatility and vapour pressure, con- 
sideration has been given to the use of a number of alternative fuels with the 
object of ensuring adequate supplies. The fuels which have been considered 
include aviation gasoline and “* wide-cut ” fuels. The latter can be divided 
into two types; those having relatively high vapour pressures of 5 to 7 


* Esso Development Co. Ltd. 
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p.s.i., comparable with aviation gasoline, and those of lower vapour pres- 
sures of 2to3p.s.i. Although the jet engine does not demand a high octane 
fuel, such as normal aviation gasoline, the satisfactory use of the same type 
of fuel for both piston- and jet-engined aircraft would obviously result in 
considerable savings in transportation and storage. 

The first of the phenomena with which the paper deals, air release, is 
mainly a problem with fuels of low volatility and vapour pressure, such 
as kerosine. As the pressure on the fuel is reduced, i.e., at increasing alti- 
tude, air which is dissolved in the fuel is released, and this released air must 
be excluded from the suction side of the fuel booster pumps and vented to 
atmosphere. Although air is also released from the more volatile fuels, the 
volume of air is, as will be shown later, small in relation to that of the fuel 
vapour. 

The second phenomenon, vapour release, becomes a problem with fuels 
of relatively high volatility and vapour pressure, such as aviation gasolines, 
which commence to boil at high altitude when the pressure in the fuel 
tank falls to that of the vapour pressure of the fuel itself. If excessive 
pressure differences between the inside and outside of fuel tanks are to be 
avoided, the tanks must be adequately vented under all conditions to main- 
tain equilibrium. Alternatively, the fuel tanks could be made strong 
enough to withstand the pressure, or at least part of it, but this would 
impose a weight penalty on the aircraft. 

In the case of both vapour and air release the greatest difficulties would 
be experienced when the release is not steady, that is, when supersaturation 
with either air and/or fuel vapour occurs. With air, a sudden release may 
occur at some critical pressure, and tank vent lines have, therefore, to be 
adequate to handle this relatively large quantity of air. Similarly, with 
volatile fuels, ‘* bumping ” or foaming may occur due to very rapid boiling, 
and this can result in large quantities of liquid fuel being displaced from the 
tank into the vent lines. 

The present paper gives the results of experimental work to determine the 
magnitude and importance of air release from kerosine-type and vaporiza- 
tion from gasoline-type fuels, and to relate the results obtained to normal 
fuel-inspection data and, as far as possible, practical operating conditions. 
Methods of overcoming some of the difficulties are suggested. 


TABLE I 


U.K. Specification | DERD. 2465 DERD, 2482 -- | RDE/F/Ker/ | DERD. 2486 
| 209 (Prov) 


Corresponding U.S. MIL-F-5572 MIL-F-5616 AN-F-34 MIL-F-5624a 
(JP (J P-3) 


MIL-F-5624a 
Specification 1) (JP-2) (JP-4) 
Description 100/130 Kerosine | Wide-cut | Wide-cut 

Gasoline turbo fuel | turbo fuel 


K.V.P., p.s.i, at 100° F 55-70 ~~ 2.0 max 
Distillatwn, °C: 
1.B.P., min . - - 65:5 
min at. 75 | 
minat. 
max at 
min at. 
min at . 
max at 


del 


te 
| 
€ 
: 
Salient Details of Aviation Turbine Engine Fuel Specifications 
— 
| 20-3:0 
| 
| 
| 
F.B.P., max. 300 260 288 
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A number of fuel specifications have been issued for aviation turbine 


fuels, and salient points, as related to air and vapour release, are given in 
Table I. 


Arr SoLuBILity 
General 


The solubility of air in petroleum hydrocarbon products is small when 
expressed on a weight basis. Up to 25 per cent by volume of air, measured 
at ordinary pressures and temperatures, can dissolve in the lighter products 
such as gasoline, and even heavy lubricating oils can absorb about 7 per 
cent. These quantities are of great significance in some applications of 
petroleum ; in addition to affecting the behaviour of aviation fuels in fuel 
systems at high altitude, dissolved air influences the foaming of lubricating 
and hydraulic oils, and the electrical properties of transformer and similar 
oils. Moreover, dissolved air can influence the refining of crude petroleum 
fractions and the stability of the finished material. Unfortunately our 
knowledge of the subject is neither extensive nor systematic, and a satis- 
factory theoretical background is still lacking. Markham and Kobe! in 
1941, in their excellent review of the solubility of gases in liquids, remark 
that “‘ Some attempts have been made to correlate gas solubility with the 
properties of the liquid or the solution. Most of these are entirely empirical, 
and are based on a few data secured by one investigator.”’ This is true of 
the general field. In the present paper only the case of solution of the 
relatively ‘‘ inactive ’’ or “ indifferent ” gases, nitrogen, oxygen, and air, in 
certain petroleum fractions is considered. 

Air solubility determinations are made more difficult by the fact that air 
consists of approximately 20-9 per cent volume of oxygen and 79-1 per cent 
volume of nitrogen and inerts, and that not only are the solubilities of these 
two gases quite different but, it has been suggested,” * oxygen can react at 
quite appreciable rates (even at normal temperatures) with some petroleum 
products. 

There are a number of different ways of expressing the solubility of a gas 
in a liquid under equilibrium conditions. From Henry’s law (i.e., that the 
amount of a gas dissolved is proportional to its partial pressure in the vapour 
phase), we get 


K = P,/N, 
where K = the solubility coefficient ; 


P, = the pressure of gas A in mm Hg; 
N, = the mole fraction of gas A in solution. 


The Bunsen absorption coefficient («) is defined as the volume of gas, 
reduced to 0° C and 760 mm, which is absorbed by one volume of liquid 
under a partial pressure of 760 mm. The Ostwald solubility coefficient (L) 
is the volume of gas, measured at the temperature (7° abs) and pressure at 
which the gas dissolves, which is taken up by unit volume of the liquid. 
Thus 


L = aT /273. 
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More convenient expressions, which are used in this paper are :— 
1. The number of ml of gas, measured at N.T.P., which dissolve in 
100 ml of liquid; this is equal to 100 « = S (percentage solubility). 
2. The constant k in the equation 


where S, is the number of ml of gas dissolved (measured at N.T.P.) in 


100 ml liquid and p is the partial pressure of the gas in mm of Hg. 
Thus the percentage solubility S = 760k. 


The relation between the pressures in mm Hg and the altitude in 1000 ft, 
as defined by the International Commission for Air Navigation (ICAN), 
is shown graphically in Fig 1, and the essential equations are referred to in 


Appendix II, 


TITUDE |,000FT 


Fie 1 
PRESSURE /ALTITUDE RELATIONSHIP. ICAN STANDARD ATMOSPHERE 


Experimental 


A variety of methods has been used to measure the solubility of gases in 
liquids. For non-reactive gases these are essentially either saturation or 
extraction methods; in the former case the gas is completely removed from 
the liquid by methods such as boiling and then cooling in vacuo, and the 
liquid then saturated with a known amount of gas in equilibrium with the 
liquid under a measured partial pressure. 

In the present work determinations of air solubility were made in a 
number of kerosines of different hydrocarbon composition, but similar low 
vapour pressures, using an apparatus similar to that described in CRC 
Method F-16-245 for the Determination of the Air Content of Gasolines.* 
This apparatus consisted of a graduated gas burette with levelling bulb and 
manometer, and containing also a wire cage which could be moved by an 
external magnet to provide agitation of the kerosine. It is described more 


i | | 
4 | | 
| 
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fully, together with the experimental method and calculation of results, in 
Appendix I. The properties of the fuels used are given in Table II. In 
brief, the procedure was as follows. The kerosine was dried and freed from 
sulphur compounds which react with mercury, by shaking with and standing 
over anhydrous sodium sulphate and mercury. The filtered fuel was then 
transferred to a glass vessel, contained in a constant temperature bath, and 
saturated with dried air at the desired temperature. For determinations 
of oxygen and nitrogen solubility, the dissolved air was first removed by 
boiling the kerosine under reflux, cooling in vacuo or in an atmosphere of the 


IT 
Inspection Data on Kerosine-type Fuels 


| ‘| 
| | 19 | 2 | 


| 
Fuel No. | 
Sp. gr., 60/60° F ; 0-8120 
| 


0-7665 0-8285 | 08070 | O-7750  0- 8060 
360 | 517 

—36 | 48 |< | 

10 | Nil 

117 | 102 


Kin vise at 0° F,cs . 
Freezing pt, °C 
Aromatics, wt 
Flash pt, °F. 
Distillation : | 
Recovery at 160° C — | -- 
180° C | 21:5 
200° C | : 35°5 . 33: 33-0 | 61-5 | 
| 6 | 555 | 82-0 
93-0 
97-0 
.| 28 270 | 267 


orev | 


gas to be tested, and finally saturating with the gas under test by continued 
passage at the desired temperature. A measured volume of the saturated 
liquid was introduced into the measuring burette and equilibrium established 
at a certain pressure below atmospheric, the gas volume, temperature, and 
pressure being observed. Similar observations were made at several other 
pressures. From Henry’s law and neglecting the vapour pressure of the 
kerosine for all measurements at temperatures below 60° F (since the value 
is less than 1 mm), and making certain other approximations, the following 


equation is established (Appendix I) :— 
64-74V /L(T', 460)= k,.B/p — ky 


where V = the measured gas volume in the burette at p mm Hg; 
p = pressure in mm Hg; 
L = the volume of kerosine in the burette ; 
7’, = the temperature in ° F in the measuring burette ; 
B = the pressure at which the liquid was saturated with gas at T, 
k, = the solubility coefficient (in %,/mm) at 7’; ; 
k, = the solubility coefficient at 7',. 


Plotting 64-74V /L(T, + 460) against B/p should, if Henry’s law holds 
and the assumptions are justified, give a straight line, the slope of which 
is k, and the intercept on the y axis, k,. Fig 2 shows the validity of the 
assumptions at normal temperatures. For conditions in which the simplify- 
ing assumptions are not justified, the solubility coefficients must be derived 


: 21 | 2 | 23 
160 156 | 155 a 

10-5 | 260 | 120 
36-0 56-0 | 82:5 
57-5 | 770 | 57-0 
750 | 900 | 77-0 
89-0 | 97:0 | 915 
65} — 97-0 
286 | 273 | 284 
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from the simultaneous equations representing the various pressure condi- 
tions in the burette. 


Results and Discussion 


The results of determinations of air solubility on eight kerosine type fuels 
are givenin Table III. For two of the fuels (Nos 14 and 16), determinations 
were made over the temperature range from 0° to 120° F (Table V). Measure- 
ments of the individual solubilities of oxygen and nitrogen were also made 


on one fuel (Table V1). 


III 
Solubility Coefficient of Air in Kerosine at 60° F 


Specific Solubility Percentage 
gravity, coefficient solubility, S 
60/60° F at 60° F, k 


0-7990 0-0191 
0-8120 0-0181 
0-8030 0-0174 
0-7890 0-0184 
0-7820 0-0178 
0-7665 0-0201 
00-8285 0-0162 
0-8070 0-0183 


TaBLe IV 


Air Solubility Coefficients and Surface Tensions of Kerosines 


Surface tension Solubility coefficient 
Fuel No. 


65° F | 65°F 


(108° F 


19 24:3 22. 0-0200 
22 25-0 2. 0-0193 
2% 25:5 23-3 0-0174 
21 | Be 23-! 0-0183 
25-8 23: O-O1L85 00-0177 
20 5 0-0162 


TABLE V 


Variations with Temperature of Solubility Coefficient for Air in Kerosine 


Solubility coefficient, & 
Temperature, ° F 


Fuel No, 14 Fuel No. 16 
0-0212 0-0179 
O-O1L74 
00-0204 0-0188 


x 
: 
; 
Fuel No. 
15 13-76 
ig 16 13-22 
17 13-98 
i 19 15-28 
20 12-31 
21 13-91 
0° F 
0-0177 
0 
60 
120 
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TasBLe VI 
Solubility Coefficients of Fuel No. 14 
Solubility 


Gas coefticient, k, at 60° F 


0-0191 (experimental) 
. 0-0184 (calculated) 

Oxygen . ‘ ‘ 0-0285 

Nitrogen . : 0-0157 


It has previously been remarked that the general validity of the method 
and of the assumptions made (including the applicability of Henry’s law) 
is demonstrated by the results in Fig 2, which shows excellent straight-line 
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SOLUBILITY CURVES FOR AIR, OXYGEN, AND NITROGEN IN KEROSINE (FUEL NO. 14) 
AT 60° F 


relationships between the volume of gas evolved and the pressure; this 
applies for air, or for oxygen or nitrogen separately. A further check is 
given by the results in Table VI, the figure for the solubility coefficient of 
air calculated from the experimentally determined figures for oxygen and 
nitrogen, using Henry’s law, agreeing within a few per cent with the experi- 
mental figure for air. The agreement is as close as could be expected from 
the simple apparatus used and the conditions of the experiment. 

The results given in Table III show that, even with a wide variation of 
properties and composition, the solubility of air in kerosines does not differ 
very greatly. The variation observed, however, does not correspond with 
variations of any of the normally obtained inspection data, such as gravity, 
volatility, or aromatic content. Bridgeman and Aldrich * 4 concluded that 
for gasolines the relation between air solubility and specific gravity at 
60° F, could be expressed by the relation 
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where S, = air solubility in ml 100 ml liquid; the air being measured at 
0° C and the gasoline at 60° F; 

p == specific gravity at 60° F 60° F; 

p = partial pressure in mm Hg. 

They give results showing that the formula holds over the range of gaso- 
lines they examined, but the relation must break down on extension to 
higher gravities, ¢.g., a product with a sp. gr. of 0-870 would have & = 
0-00392, while one (such as benzole) of 0-880 gravity would have k = 0-00186 ; 
for higher gravities k becomes negative. Fig 3 illustrates the air solubilities 
of the kerosines examined, in comparison with the Bridgeman—Aldrich 
equation; there is obviously no relation, 
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The gasolines examined by Bridgeman in 1929 appear to have been a 
series of straight-run materials of different volatilities but otherwise similar 
characteristics. In such a case gravity and many other properties will 
change progressively with volatility, and the relation between gravity and 
air solubility for this limited range is accidental rather than fundamental. 

Further consideration indicates that the solubility of gases in unreactive 
liquids is probably a function of free space in the liquid. Ritzel ® in 1907 
and Kofler 7 in 1913 assumed that solubility of gases was related to the 
compressibility of the liquid, this in turn being a function of free space. 
Surface tension is also related to free space and hence to compressibility. 
Richards and Matthews § have shown that, for a large number of unassoci- 
ated substances 


is constant 


where y is the surface tension and 8 the compressibility. 
It would be anticipated, therefore, that a relation would exist between 
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the solubility of air, oxygen, and nitrogen in hydrocarbons and the surface 
tension of the liquid. 

This suggestion has been made in conuexion with other organic liquids. 
Thus, Christoff * found that gases were much more soluble in ether (which 
has a very low surface tension) than in other liquids. Uhlig !° and Sisskind 
and Kasarnowski !! came to similar conclusions. In a very recent paper 
Szebehely !* reported the solubilities of air in a range of petroleum products 
from aviation gasoline to heavy lubricating oil, together with properties such 
as density, surface tension, and viscosity (see Table VII). He proposed 


TasLe VII 
Air Solubility of Petroleum Products (from Srebehely **) 


Density | Surface Solubility constant 
at 70°F. | tension 
— dynes/em | k 
Lubricating oil : | 
Heavy . “88: 29-34 0-0102 
Heavy 30-22 “6: 0-0113 
Heavy 5 29-53 9-0! 0-O119 
Heavy . 28-75 0-0120 
Light . 0-870 26-88 0-0128 
Light . 0-867 28-06 0-0149 
Aircraft fuel. | 0-780 23-45 | | 
Aircraft fuel. | 635 | 0-723 18-74 | 0-0300 
Aircraft fuel. | 635 | 0-692 17-76 . 0-0331 


to correlate gas solubility with viscosity and obtained fairly good corres- 
pondence. This, however, is again an accidental relationship and dependent 
on the fact that over the wide range of products tested, the viscosities and 
surface tensions change in approximately the same order. 

From Richards and Matthews relationship 


=a 
or 8 = (a/y)t 


and assuming a linear relationship between compressibility and solubility 
coefficient 
then k = + ¢ 
where m =n.a! = constant. 


Plotting & against (1/y!) should therefore give a straight line. 

There are, unfortunately, very few experimental results available for 
air solubilities and surface tensions on the same samples at the same 
temperatures. Table IV gives the results of determinations on six of the 
kerosine fuels used in this investigation, and Szebehely!* has also published 
some results which have been converted to the same units for surface tension 
and solubility coefficient. Fig 4 shows the available data, with k plotted 
against (1/y)'. It will be seen that a fairly good relationship exists, bearing 
in mind the limits of experimental accuracy and the fact that Szebehely’s 
results were obtained at 70° F, whereas the present determinations were 
made at 65° F. The curve obtained is not, however, linear; this may be due 
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either to the difference in temperature of determination for the two sets of 
data or to non-validity of the assumptions made above. Correcting 
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Szebehely’s surface tension data from 70° to 65° F (which can be done 
approximately, assuming inverse proportionality with absolute tempera- 
ture) gives a plot which is more nearly a straight line (Fig 5). A quite good 
linear relationship, for the available uncorrected data, is obtained by 
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plotting the solubility coefficient directly against the surface tensions (Fig 
6). The precision of these relationships may be affected, apart from experi- 
mental inaccuracies in the actual determinations of gas solubilities and sur- 
face tensions, by the fact that all petroleum fractions are not completely 
inert to oxygen, even at low temperatures. Maillard and Vellinger ? con- 
cluded that it was not possible to get true figures for the solubility of oxygen 
in oils, as oxidation occurs even at ordinary temperatures. They found, 
for instance, that four lubricating oils which yielded 10-8 to 11-9 per cent 
volume of oxygen when degassed immediately after saturation, yielded only 
1-3 to 4-5 per cent when degassing was carried out two days after saturation. 
Some loss of oxygen occurred in this way even with highly refined oils. 
Gemant * obtained similar results and concluded that absorption of air by 
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mineral oils is not purely physical but is accompanied by a reversible 
oxidation. These considerations may be particularly important in regard 
to the determinations on lubricating oils; the lighter products are not, in 
general, likely to be so seriously affected. Some disturbance of an air 
solubility-surface tension relation may also result from the presence of 
traces of substances which raise or lower the surface tensions of the mineral 
oil; it is obvious that only the “ natural ”’ surface tension of the product 
is related to its compressibility and free spaces. 

It may, therefore, fairly be concluded that the solubility of air and its 
constituents is closely related to the surface tension of the petroleum product 
concerned. The relation has a theoretical basis and, although perhaps 
not highly precise, is sufficiently accurate to give data for most practical 
purposes. 

In general, the solubilities of gases in inert liquids decrease with increasing 
temperatures, although there seem to be some exceptions to this, and in 
some cases minima have been observed. Surface tension also usually 
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decreases with increasing temperature, and it might be assumed in conse- 
quence that solubility would increase as the temperature is raised. In the 
general relationship developed above, gas solubilities are all measured at 
substantially the same temperature (60° to 70° F), and surface tensions are 
determined at the same temperature as the solubilities. 

In Table LV, and also in Table V, some data are given to show the effect 
of temperature on the solubility coefficient of air. It will be seen that in 
all cases the change of k with temperature is small, although there is, if 
anything, a tendency for k to decrease slightly with increasing temperature. 
It would be expected that the volume of gas dissolved would increase with 
increasing temperature and decreasing surface tension, but this effect is 
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EFFEOT OF WATER CONTENT OF KEROSINE ON SOLUBILITY OF AIR IN KEROSINE 


partly compensated by the reduction of the gas volume to N.T.P. from a 
higher temperature. The product of the surface tension and absolute 
temperature for the various kerosines examined is approximately constant 
for each kerosine. Thus for Fuel No. 18 the products y7’ (where 7 is in 
°R) are 13-11 » 10° at O° F, 13-55 © 108 at 65° F, and 13-06 x 10 at 
108° F. As, however, solubility is not inversely proportional to surface 
tension (although the relationship is approximately linear), correction of 
the gas volumes as indicated does not completely account for the small 
change in k with temperature. Considerable further data on the surface 
tensions and air solubilities of petroleum products over a range of tempera- 
ture are required before a more complete explanation can be given. 

In the determination of air solubility in kerosines, the fuels were dried 
before saturation with air. The effect of moisture content on the gas solu- 
bility was investigated by carrying out measurements on a sample of water- 
saturated fuel (No. 14). These results are given in Fig 7 in comparison 
with those obtained on the dried fuel. It will be seen that the solubility 
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is increased slightly by the presence of moisture and, in fact, an apparent 
solubility coefficient of 0-0210 is obtained compared with 0-0191 on the 
dried fuel. 

In the determination of air content of kerosines, a considerable degree of 
agitation was necessary in order to produce equilibrium. Reduction of 
pressure without agitation gave only slow release of air, bubbles still forming 
slowly an hour after lowering the mercury level. This suggested that 
supersaturation, followed by sudden rapid air release, might take place in 
practice during rapid climbing to high altitude. This supersaturation of 
aviation fuels with respect to air has been noted previously, and attention 
was, it is believed, first drawn to the phenomenon and its importance in 
correspondence and reports in 1943 and 1944.43 Since the work described 
here was completed, an interesting paper by Schweitzer and Szebehely ™ 
discusses this phenomenon. In their experiments these authors found that 
the ratio between the rates of evolution of gas under conditions of agitation 
was some thousands of times greater than those under quiescent conditions. 
Under suitable conditions supersaturation of up to 100 per cent was also 
obtained with some hydrocarbon oils. 

Using the apparatus designed for vapour release studies, and described 
later in this paper, some experiments were carried out using an air-saturated 
kerosine. Experiments with the tank 90 per cent full and at a rate of 
climb of 25,000 ft/min showed that if constant rapid stirring was carried out 
the evolution of air was steady above 8000 to 10,000 ft, and on levelling off 
at 60,000 ft evolution of air soon ceased, equilibrium having been reached. 
A similar test without stirring showed that supersaturation did occur, only 
a few air bubbles appearing during the climb, and on levelling off at altitude 
a very slow stream of bubbles was maintained, mainly originating on the 
copper jacket of the thermocouple. On gently shaking the fuel container 
and on stirring the fuel slowly no effect was observed, but on running the 
stirrer rapidly, a sudden evolution of air after 5 sec caused foaming of 
sufficient violence to carry liquid over into the vapour line. 

Similar experiments, in which the tank was 80 per cent full, showed that 
if the fuel was put into the container still wetted with kerosine from the 
previous run, the evolution of air during climb was very slow, but rapid 
stirring, started after reaching an altitude of 60,000 ft, produced foaming. 
If, however, the container was first washed out with petroleum ether and 
dried by a blast of air, air evolution during climb was much more rapid and, 
although foaming was produced on stirring vigorously at 60,000 ft, it was 
not sufficiently violent to carry liquid fuel over into the pipe. With the 
container 70 per cent full, the container not having been dried, the foaming 
produced on sudden stirring was again not of sufficient violence to produce 
liquid entrainment. 

From the above results it is apparent that foaming over due to sudden air 
release depends largely on the degree of agitation given to the fuel and that, 
to a lesser extent, the nature of the tank surface (probably the presence or 
absence of a film of adsorbed air) is also of importance. 

The total volume of air released from an aviation fuel at equilibrium at 
any particular pressure (or altitude) may be calculated easily from Henry’s 
law. Fig 8 gives the results of calculations using two extreme values for 
solubility coefficients, the results being in terms of gas volumes at N.T.P. 
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The calculation of the rate of air release from air saturated kerosine at 
various altitudes and rates of climb is described in Appendix II, and results 
corresponding to two widely different values of solubility coefficient are 
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given in Table VIII. It is seen that for a rate of climb of 10,000 ft/min 
the rate of air evolution, under equilibrium conditions, is quite small—of 
the order of 1 cu. ft/min/100 Imp. gal. fuel—and does not vary greatly 
with the altitude. Tank-venting problems with kerosine type fuels are 


Taste VIII 
Rate of Steady Air Evolution from Kerosine at Rate of Climb of 10,000 ft/min 


Rate of air release from fuel at 60° F, 
cu. ft/min/100 Imp. gal. 


Solubility coefficient, Solubility coefficient, 
k = 00250 k = 0-0150 


coor 


quite insignificant when compared with those for fuels of high vapour pres- 

sure, which evolve considerable quantities of vapour at reduced pressures. 
It is difficult to assess, from laboratory experiments, the likelihood of 

sudden release of air at considerable altitudes from super-saturated fuels. 
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It seems to be a somewhat erratic phenomenon, but is unlikely to occur 
under conditions of agitation. Should it happen, however, dangerous 
pressure build-up may result, unless venting is adequate. 

Another significant effect is the change in the nitrogen-oxygen ratio in 
the gases evolved from fuel initially saturated with air. As the solubility 
coefficient of oxygen is considerably greater than that of nitrogen, the 
proportion of the former which dissolves is greater than the proportion in 
which it oceurs in air. In consequence, the gaseous mixture evolved from 
a petroleum product on reduction of pressure will be correspondingly richer 
in oxygen. Assuming that the vapour space in the fuel tank consists of a 
mixture of fuel vapour with the gases released from the fuel, the altitude/ 
temperature conditions which give explosive mixtures will be altered from 
those holding for fuel vapour/air mixtures. The temperature limits for the 


70, 


3 


ALTITUDE - 1,Q00FT 
$ 


Oo 


TEMPERATURE 
Fie 9 
EXPLOSIVE LIMITS OF KEROSINE (FUEL NO. 15) WITH AIR AND WITH OXYGEN-RICH 
MIXTURE EVOLVED FROM THE FUEL. WITHIN CURVE THE MIXTURE IS EXPLOSIVE. TO 
RIGHT OF CURVE IT IS TOO RICH AND TO LEFT TOO LEAN TO EXPLODE 


formation of explosive mixtures of air with the vapours of hydrocarbon 
fuels at atmospheric pressure may be calculated from the distillation 
characteristics of the fuel. The effect of total pressure on these temperature 
limits is less well established, but the results available indicated that the 
trend is similar for all fuels. On this basis, the full curve in Fig 9 was 
calculated for Fuel No. 15, which is a typical gas turbine fuel meeting 
specification DERD. 2482. Making a number of reasonable assump- 
tions, the broken curve was calculated for mixtures of vapour of the same 
fuel with a mixture of nitrogen and oxygen in the ratio 2-07: 1 (i.e., the 
ratio in which nitrogen and oxygen will be evolved from a fuel which has 
been saturated with air). The limits found in practice will lie somewhere 
between the two alternatives; at ground level the values for air will apply, 
but as gases are evolved from the fuel, the limits will tend towards those 
shown by the broken curve, depending on the amount of gases evolved, the 
size of the vapour space above the fuel, and the degree of mixing in this 
vapour space. 

At all events, it can be seen that the effect of the composition of the gases 
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evolved from air saturated kerosine on the explosive limits of the vapour is, 
in general, favourable from the point of view of safety. 

The main conclusions from the above discussion may be briefly summar- 
ized as follows :— 


1. The solubility of air in kerosines and other petroleum products 
closely obeys Henry’s law. 

2. The solubility of a gas such as air is closely related to the surface 
tension of the petroleum product, decreasing as the surface tension 
increases. There is also a rough parallelism over the whole range of 
petroleum products between air solubility and density, volatility, 
viscosity, etc. Very approximately, gasolines dissolve 20 to 25 per 
cent of their volume of air; kerosines, 13 to 15 per cent; and lubricat- 
ing oils, 7 to 11 per cent. The lower-boiling aromatic hydrocarbons 
have higher surface tensions and lower solubilities than paraffinic 
products of similar boiling range (cf Tizard and Marshall,!® who in 
1922 reported air solubilities of about 22 per cent for gasolines and 15 
per cent for benzole). 

3. Solubility coefficients of nitrogen, oxygen, and air in petroleum 
do not vary very greatly with temperature. 

4. The water content of petroleum products has only a small effect 
on air solubility. 

5. The rate of evolution of air from a fuel on reduction of pressure is 
greatly dependent on the degree of agitation of the liquid. Super- 
saturation may easily occur. 

6. When steady evolution of air occurs from a kerosine-type fuel, 
the quantity is not sufficient to give rise to very serious problems. 


7. The gases evolved from kerosine are richer in oxygen than is air ; 
the nitrogen-oxygen volume ratio being 2-07 : 1 for the evolved gases 
as against 3-76: 1 for the air. This fact may affect the explosive 
limits of the air-vapour mixture evolved. 


Vapour RELEASE 


General 

In an aircraft under climb conditions dissolved air will, assuming equili- 
brium conditions, be released steadily from the fuel as the pressure above 
the fuel falls. This air will be saturated with fuel vapour, involving loss of 
fuel. Later, when the total pressure in the tank falls to that of the vapour 
pressure of the fuel at the prevailing temperature, boiling will commence 
and still more fuel will be lost as vapour. These phenomena must be con- 
sidered from three points of view. First, the loss of fuel involved, with 
consequent limitation of flying range; secondly, the disposal of the air 
and/or vapour from the tank by the venting system; and thirdly, the 
inflammability of air/fuel mixture formed above the fuel. The formation 
of vapour in the fuel lines themselves should not occur, since there is now an 
almost universal use of immersed, centrifugal type, fuel-boost pumps which 
work at fuel line pressures of 10 p.s.i.g. or more, which is sufficient to prevent 
any considerable release of air or vapour. 

In the case of gasoline-type fuels air solubility has been exhaustively 
studied,* ° and calculations show that the release of air gives rise to problems 
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which are insignificant compared with those arising from fuel boiling. Air 
release from high vapour pressure fuels is, therefore, not dealt with experi- 
mentally in this paper; some data illustrating the effects are, however, 
given later in comparison with boiling losses. The fuel boiling problem has 
also been considered in previous published work,!® but not for extreme 
altitudes and rates of climb, nor with the wide range of fuels covered by 
the present work. 

Although most of the work in the present paper is based on the steady 
evolution of vapour, assuming equilibrium conditions, it is realized that 
these conditions might not always obtain in practice. The possibility of 
sudden release of vapour, described as ** bumping,” has, therefore, also been 
briefly studied. 


Experimental 


The bench-scale apparatus used for this part of the investigation con- 
sisted of a heavily lagged reservoir in which fuel could be subjected to 
simulated climb conditions by applying a controlled rate of pressure 
reduction. The fuel vapours were condensed in cold traps situated in the 
line between the fuel reservoir and the evacuated tank. Arrangements 
were made for the continuous measurement of the weight and temperature 
of the fuel in the reservoir. The following range of flight variables could 
be simulated in the apparatus :— 


Rates of climb 0 to 30,000 ft/min 


Initial fuel temperature. —30° to 120° F 
Altitude . 0 to 60,000 ft 


A more complete description of the apparatus and method of test is given 
in Appendix IIT. 

For each experiment a constant rate of climb was used, although it is, 
of course, realized that this was not representative of service conditions. 
However, in view of the variations which might obtain in service, this 
procedure was adopted as giving the most useful and easily interpreted 
results. 

As the fuel in the tank would receive some degree of agitation in service, 
both by the vibration of the plane and by the action of the fuel booster 
pumps in the tank, experiments were made to determine whether agitation 
of the fuel by stirring had any effect on the results. It was found, within 
the limits of the accuracy of the experiments and under the conditions used, 
that this had no effect on either the altitude at which boiling occurred or 
the weight per cent fuel lost. In order to avoid losses by bumping (dis- 
cussed later) it was, in general, inadvisable to have the tank more than 
30 per cent full. As apparently equilibrium conditions were maintained 
without stirring, these conditions were adopted as standard for all the tests. 

The fuels were selected to cover as wide a range of vapour pressure and 
volatility as was considered necessary to predict from normal inspection 
data the losses due to vaporization of both present and, as far as could be 
envisaged at the time of the work, future types of aviation gas turbine fuels. 
Complete fuel inspection data are given in Table 1X, and the range of 
salient properties are summarized in Table X. Comparison of these fuel 
characteristics with the relevant fuel specifications, given earlier (Table I) 
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indicates that the fuels selected cover the desired range, with possibly the 
exception of DERD. 2486, which demands » fuel slightly less volatile than 
any of those tested. 


Results and Discussion 


Effect of Rate of Climb.—Initial experiments were carried out to deter- 
mine the effect of varying rate of climb on the weight per cent fuel lost in 
climbing to 60,000 ft. For a given fuel, the initial fuel temperature was 
adjusted to be the same for a series of climbs at different rates. The recorded 
weight per cent fuel lost and fuel temperature were plotted against time 
from the start of the climb, and the type of curves obtained were as 
illustrated by Fig 10. As can be seen, fuel boiling did not commence 
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until a certain critical altitude was reached (in this case for Fuel No. 1 about 
40,000 ft) after which the temperature fell rapidly and the weight per cent 
fuel lost increased linearly with time (i.e., with altitude) for the duration 
of the climb. After climb ceased at 60,000 ft, loss of fuel by boiling con- 
tinued for a time, accompanied by fall of fuel temperature. This was 
probably due to imperfect mixing of the boiling fuel. When boiling ceased, 
there ensued a slow rise of fuel temperature accompanied by a very slow 
loss of fuel. This was due to heat transfer from the surroundings to the 
fuel due to imperfect lagging, and would certainly not take place in practice 
due to the low ambient temperature which would be encountered at this 
altitude. 

The percentage weight fuel loss at 60,000 ft was taken to correspond with 
the minimum on the temperature-time curve giving, in the case of Fuel 
No. 1, Fig 10, a loss of 15-2 weight per cent. The effect of rate of climb on 
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fuel loss in climbing to 60,000 ft is summarized in Table XI for two fuels, 
Nos | and 12, having widely varying distillation characteristics. 

From these results it was concluded that, within the limits of the experi- 
mental error, the weight per cent fuel lost at a given altitude was independ- 
ent of the rate of climb. Since all the plots showed a linear increase of 
weight per cent fuel lost with altitude (time), it was concluded that equili- 
brium conditions were essentially maintained during fuel boiling at rates of 
climb up to 25,000 ft/min. 


TaBLe X 


Range of Fuel Properties 


K.V.P., p.s.i. at 100° F 20to 103 
5°, recovered at ‘ 38 to 87 
10%, recovered at ~C 47 to 97 
20°, recovered at 60 to 
50%, recovered at “¢ 88 to 144 
Boiling range, “C . 105 to 255 


TasLe XI 
Effect of Rate of Climb on Fuel Loss by Boiling 


Weight per cent fuel lost during climb to 60,000 ft 


tate of climb, 
ft/min Fuel No. 1 | Fuel No. 12 
(Aviation gasoline) (Wide-cut turbo fuel) 
Initial fuel temp 68° F Initial fuel temp 60° F 
5,000 10-3 
10,000 5s 10-6 
15,000 11-5 
20,000 10-7 
25,000 10-3 


Mean 10-7 


Effect of Initial Fuel Temperature.—In the bench-scale apparatus used, 
heat flow took place to or from the fuel through the walls of the vessel when 
the fuel temperature was below or above ambient, so that the actual fuel 
temperature when boiling commenced was not the same as that at the 
beginning of the test. Also, after boiling commenced, heat transfer took 
place from the containing vessel to the fuel so that adiabatic conditions 
were not realized. ‘This was partly due to the large heat capacity of the 
fuel reservoir compared with that of the fuel it contained, and partly due to 
insufficient thermal insulation. As conditions in practice will depend on a 
number of design and operating variables, and in order to give results 
comparable under standard conditions, it was decided to correct the experi- 
mental results to give a true adiabatic weight loss. The actual method of 
determining the heat capacity of the reservoir and correcting the results to 


on 

: 

% 

i 

By 


VAPOUR AND AIR RELEASE FROM AVIATION FUELS 495 


adiabatic conditions is given in detail in Appendix IV, and leads to a cor- 
rected value of the initial fuel temperature, ¢., which is given by the relation 


te = ty + 1-53 (t, — ty) 


where ¢, = corrected initial fuel temperature, ° F ; 
t, = observed initial fuel temperature, ° F; 
t, == observed final fuel temperature, ° F, when boiling ceases. 


‘ Flights ’’ were carried out at a constant rate of climb of 10,000 ft/min 
on all the fuels over a range of initial fuel temperatures. It was found that, 
for a given fuel, there was for each initial fuel temperature a critical altitude 
at which boiling commenced. Results for each fuel were plotted as cor- 
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40 


rected initial fuel temperature (/,) against per cent weight lost at the ceiling 
altitude of 60,000 ft (W,), and a typical example of the results obtained is 
shown in Fig 11. Results of this kind may be expressed in the form. 


where W, = weight per cent fuel lost at 60,000 ft ; 
t. = corrected initial fuel temperature, ° F ; 
A = slope of line; 
B = intercept on temperature axis, © F. 


Obviously, if the fuel was pre-cooled to a temperature of B F, no fuel loss 
would occur at altitudes of up to 60,000 ft. The collected results for all 
the fuels tested are shown in Figs 11 and 12, and the required pre-cooling 
temperature to prevent fuel loss at 60,000 ft may be read off from the inter- 
cepts on the temperature axis. Examples of the temperatures to which 
three typical fuels would have to be pre-cooled to prevent losses at 60,000 
ft are given in Table XII. 
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Owing to the limitations of the apparatus used and the consequent non- 
adiabatic conditions of the experiment, the various points obtained in a 
single run for weight lost against altitude do not correspond to the same 
corrected initial temperature. This is because the corrected temperature 
drop (t, — t,) depends on the observed fall in temperature (ft; — t,), and the 
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correction therefore varies continuously during a “ flight.” Hence the 
points on a plot of the type described above would all correspond with 
different corrected initial fuel temperatures. The method of obtaining 
plots of weight per cent fuel lost against altitude for a range of corrected 
initial fuel temperatures was as follows :— 

The observed critical boiling altitude H, was plotted against the observed 
initial fuel temperature /, for each fuel, and the values of H, corresponding 


TasLe XII 


Required Pre-cooling Temperature to Prevent Fuel Losses at 60,000 ft 
} 


Fuel No. Type of fuel Pre-cooling temp., 


100/130 Aviation gasoline 
Automotive gasoline 
Wide-cut turbo fuel (7 p.s.i. R.V.P.) 


with t, = 60° F, 80° F, ete., obtained by interpolation. The weight per 
cent fuel lost at 60,000 ft (W.) was plotted against the corrected initial fuel 
temperature ¢, for different fuels (as in Figs 11, 12, and 13) and the values of 
W. for t, = 60° F, 80° F, ete., obtained by interpolation. This procedure 
gave two points for each initial fuel temperature for each fuel, i.e., first, the 
altitude at which boiling commenced and up to which no fuel loss had taken 
place and, second, the weight per cent fuel loss at 60,000 ft. From these 
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data it was possible to plot for each fuel and each initial fuel temperature 
(t.) the weight per cent fuel loss against altitude. A series of typical curves 
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for Fuel No. | is shown in Fig 14. These results may be expressed in the 
form 
W = X(H —H,) 
where W = weight per cent fuel lost at altitude H ; 
H = altitude, thousands of feet ; 
H, = altitude, thousands of feet, at which boiling commences ; 
X = numerical constant = slope of line. 
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This equation compares with that given for adiabatic evaporation loss in 
the CRC Handbook ?7 for aviation gasolines 


W 0-5(H — M,) 

The value of X = 0-5 is, however, an average value for aviation gasolines 
which does not take into account the wide range of front-end volatilities 
encountered in the range of fuels which must be considered for use in avia- 
tion turbine engines. This, and its effects, are discussed more fully in the 
following section. 

Effect of Fuel Volatility—The experimentally observed value of the 
altitude at which boiling occurred (#/,) was found to vary, for a given fuel, 
with the initial fuel temperature; in this case the initial fuel temperature 
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being taken as that observed when the fuel actually commenced boiling 
(t,). For a given initial fuel temperature and different fuels the value of 
i, depended on the R.V.P. of the fuel. Curves correlating the boiling 
altitude with the R.V.P. at 100° F of the fuel for various initial fuel tem- 
peratures are given in Fig 15. These curves were obtained by plotting 
iH, against observed initial fuel temperatures (f,) for a given fuel (i.e., at 
constant R.V.P.), and obtaining the points corresponding to 0° F, 20° F, 
40° F, ete., by interpolation. This was repeated for the whole range of 
fuels, to cover the range of R.V.P. required. Theoretically, the curve for 
100° F extrapolated to H, = 0 should give a value of R.V.P. = 14-7 p.s.i. 
(i.e., atmospheric pressure), That it does not do so is because of : (a) the 
difference between R.V.P. and true vapour pressure; (b) the loss of light 
ends in warming up the fuel to the test temperature and climbing to H), 
so that the actual R.V_P. of the fuel when boiling commenced was less than 
that determined on the original fuel and used for calculation. The curves 
obtained are, however, probably better than any which might be obtained 
from theoretical consideration, since the experimental conditions under 
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which the boiling altitudes were obtained were similar to those likely to be 
encountered in practice. 

For the range of fuels studied, the factor X was found to vary between 
0-2 and 0-6, with a mean value of 0-46, which compares with the previously 
quoted CRC value of 0-5. The value of X varied with the steepness of the 
slope of the front end of the distillation curve; a steep slope being found to 
correspond with a small value of X and vice versa. A quantitative correla- 
tion was derived as described below. 

The weight per cent fuel lost W was assumed to be equivalent to W volume 
per cent on the ASTM evaporation curve, and the mean slope of the latter 
between 5 per cent and W per cent was evaluated. The values thus obtained 
were plotted against the corresponding values of X calculated from the slope 
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of the lines in plots of weight per cent fuel lost (W) against altitude (/) 
(Fig 14) for various fuels. The resulting curve is shown in Fig 16. The 
scatter of points is due mainly to the difficulty of estimating the distillation 
slope from 5 to W per cent at low initial fuel temperatures and for fuels of 
low R.V.P., since W is small, and hence the range for estimating the slope is 
narrow. The curve drawn in Fig 16 was calculated from the experimental 
points, assuming the curve to be of the form of a rectangular hyperbola. 
The equation of this curve is 


where X = factor in equation W = X(H — H,); 
S = slope of ASTM evaporation curve between the 5 per cent and 
W per cent evaporated point (° F/°,). 


From this equation values of factor X for fuels with any value of slope S 
may be calculated, but the curve in Fig 16 covers only the range of fuels 
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studied, and experimental verification of the above equation was not 
obtained outside this range. 

Thus, the loss of fuel to be expected under adiabatic conditions at any 
altitude and any initial fuel temperature can be estimated if the R.V.P. 
and ASTM evaporation curve of the fuel are known. The procedure is as 
follows :— 


(a) From the R.V.P. and the initial fuel temperature, the value of 
H, is ascertained from Fig 15. 

(b) Using this value of H, in equation W = X(H — H,) together 
with the mean value of 0-46 for X, the approximate value of W at the 
appropriate altitude H is calculated. 

(c) The slope of the evaporation curve between 5 per cent and the 
approximate W per cent is evaluated. 

(d) From this slope, the value of X appropriate to the fuel is read 
from Fig 16, or calculated from equation 

X = 1-:970/(S + 1-937) 

(e) The value of W is calculated from the equation in (>) above using 
the value of X obtained in (d). 

(f) Steps (c) to (e) are repeated until a constant value of W is 
obtained. 

Results obtained by this method of calculation are compared in Table 
XIII with experimental data on all the fuels tested. It will be observed 
that the agreement between the calculated and experimental values 
corrected to adiabatic conditions is fairly good. 


XIII 


Comparison of Observed and Calculated Per cent Weight Fuel Boiling Losses 
During Climb to 60,000 ft 


Per cent weight fuel lost during climb to 60,000 ft 


Initial fuel temp 100° F 


Fuel No. Initial fuel temp 80 °F 


Observed | Calculated 


Observed Calculated 
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The above method becomes less accurate at lower fuel temperatures 
and/or R.V.P. values, since under these conditions H, is larger and the 
approximate value of W smaller, and the distillation slope is estimated 


: 
hi 
i 
q 
| 
H 
| 
{ 
T 
| 
: 
11-0 
14-1 
‘ 
12-9 


VAPOUR AND AIR RELEASE FROM AVIATION FUELS 501 


over a narrow range of temperature. Under these conditions, it is probably 
just as accurate to calculate W using values of X given in Table XLV, which 
groups the fuels into types, and gives X values which represent fairly well 
the experimental values found for these types. 


TaBLe XIV 
Approximate Values of Factor X for Various Types of Fuel 


Type of fuel | Value of X 


Motor gasoline ‘ ‘ 0-40 
Wide-cut turbo fuel (7 p. s.i. R.V.P. ) 0-42 
Wide-cut turbo fuel (2 to 3 p.s.i. R.V.P. 0-20 


Reference was made previously to the saturation with fuel vapour of the 
air released from gasoline type fuels, particularly where the vapour-liquid 
ratio is small. The amount of vapour formed under equilibrium conditions 
can be calculated from Henry’s law relating to the quantity of air dissolved 
in the fuel by the method described in Appendix V. Table XV gives the 
weight per cent fuel lost for two typical aviation fuels. In each case it has 
been assumed that the fuel was saturated with air at sea-level and at a 
temperature of 60° F, and that the air release took place suddenly at an 
altitude of 30,000 ft. This altitude is taken as being typical of that at 
which boiling would commence. 


TABLE XV 
wis Per cent Fuel Lost seventeen Sudden Air Releases at 30,000 ft Altitude 


Type 0 of fuel | R.V.P., p-s.i. | Wt% fuel lost 


100/130 Av iation gasoline 0-028 
Wide-cut turbo fuel . 7 0-031 


In the case of the steady release of air from the fuel, the losses would be 
even smaller, and it is estimated that under these conditions the loss from the 
5 lb R.V.P. fuel would be only about 0-014 per cent at an altitude of 30,000 
ft. It will be seen that the loss of fuel in this manner is insignificant com- 
pared with that due to boiling, where the loss for a similar fuel is shown in 
Table XIII to be about 12 per cent. 

Bumping and Foaming Effects ——In the early experiments on vapour 
release it was found that, if the fuel reservoir was filled almost full of fuel, 
boiling took place intermittently with heavy bumping and/or foaming of 
the fuel, causing liquid to be carried over into the vapour line. In order to 
prevent this occurring, most of the subsequent tests were carried out with 
fuel occupying approximately 30 per cent of the fuel tank volume. The 
occurrence of such phenomena in practice is likely to depend on a large 
number of variables, both physical and chemical, and it is unlikely that 
results obtained in a small scale laboratory rig can be applied directly to 
full scale practice. However, a short series of tests was carried out to 
obtain some results which might be of use as a general guide. 
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The experiments were carried out on four fuels of varying properties 


(Nos 1, 5, 7, and 9), the experimental variables being fuel temperature, rate 


of climb, and the per cent by volume of the tank occupied by fuel; the last 
being referred to subsequently as “ per cent full.” When bumping or 
foaming took place with sufficient vigour to project liquid fuel into the 
vapour line, the test was registered as a “ bump ” or fail, otherwise as a 
pass. 

It was at first found that results were extremely erratic; for a fixed set 
of conditions, the fuel sometimes bumped and sometimes did not. The 
repeatability of the results was considerably improved by drying out the 
fuel tank with a blast of air between runs, and this procedure was therefore 
adopted as standard. Thus, it appears that the presence of a film of 
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adsorbed gas on the inner surface of the tank may be important in pro- 
moting conditions of steady air or vapour release. 

Experiments carried out with two fuels at 15,000 ft/min rate of climb, 
varying the “ per cent full’ and the initial fuel temperature, showed that 
the critical “per cent full”? for bumping to occur did not vary with 
temperature. 

For a given fuel at a fixed initial fuel temperature, the maximum per- 
missible ** per cent full’ for no bumping decreased with increasing rate of 
climb. Thus, for an infinitely slow rate of climb and a full tank, bumping 
cannot take place, whilst at an infinitely high rate of climb, even for an 
almost empty tank, the evolution of vapour will be of extreme violence, 
and liquid fuel will be carried over with the vapour. Thus, it might be 
expected that if ‘ per cent full’ were plotted against rate of climb, the 
curve separating areas in which bumping did, or did not, take place would 
be hyperbolic in shape. 

Tests were made on all four fuels at a constant initial fuel temperature, 
but at different rates of climb, and typical results were as indicated in Fig 
17. As noted above, the repeatability of the results was not good, and in 
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spite of the expected hyperbolic form of the line of demarcation, a straight 
line was felt to be more reasonable expression of the result obtained. 

Observations made during these tests are of interest and enable some 
general deductions to be made. Although air release commenced at 
relatively low altitudes, the rate of release was generally slow and below that 
required to maintain equilibrium. Bumping did not occur in any experi- 
ment at an altitude lower than that at which boiling would be expected ; in 
many cases it occurred at approximately the boiling altitude. 

It is known from the work on air release from kerosine type fuels that the 
release of air from the fuel is very slow, and vigorous agitation is required 
to maintain equilibrium. It is also known from the previously described 
work that equilibrium, with respect to boiling, is substantially maintained 
in the fuel reservoir during climb conditions. 

As previously mentioned, it is difficult to simulate in a small scale 
laboratory apparatus the conditions which correspond to the occurrence 
of bumping or foaming in flight. The range of experiments which are 
described in this paper is very limited, mainly for the above reason. It 
would seem, however, that the phenomena are of two kinds. The first is a 
consequence of supersaturation, and this may lead to bumping in the 
ordinarily accepted sense. In conditions where agitation is slight, kerosine 
types of fuel may become supersaturated with air, and this would ultimately 
and suddenly be released, and either severe frothing may occur or fuel may 
be projected through the vents. In the case of gasoline type fuels, a high 
degree of supersaturation with air is less likely to occur, as during climb 
vapour generally tends to come off fairly regularly after the boiling altitude 
has been reached, and the boiling fuel then provides sufficient agitation to 
maintain equilibrium air release. Should the boiling altitude of the fuel be 
very high, however, a considerable degree of air supersaturation may have 
occurred (especially at high rates of climb) before agitation due to boiling 
is sufficiently vigorous to cause release, and this may result in vigorous 
foaming or even bumping. 

The second type of effect is due to rapid vapour release by boiling of the 
more volatile fuels at high rates of climb. The quantity of gas may be so 
large that it cannot escape rapidly enough from the liquid, and in conse- 
quence produces a foam which may completely fill the fuel tank and even 
carry over through the vents. 

It would seem, therefore, that with kerosine type fuels sudden release 
of air may lead to foaming and sometimes violent bumping. With the 
higher vapour pressure fuels, bumping is not so likely to occur due to sudden 
air release, but slight instability when boiling is about to commence (in- 
volving some supersaturation with fuel vapour) may lead to a very violent 
bump. This type of fuel is, however, prone to foaming and boil-over at 
high rates of climb. Only full-scale experiments or actual flight observa- 
tions are likely to provide sufficient data for a proper understanding of the 
practical problems involved. 


GENERAL Discussion 


The consequences of air release and vapour losses from aviation fuels on 
change of altitude are three in number, namely, loss of fuel, difficulty in 
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providing venting capacity to prevent excessive pressure building up in the 
tanks, and bumping and foaming. These difficulties, and methods of 
alleviating them, will now be discussed in more detail. 

The relative weight losses on climbing to 60,000 ft altitude are shown in 
Table XVI, the data given being based on the assumption that equilibrium 
conditions are maintained throughout the climb. It has previously been 
shown that the weight loss at 60,000 ft is independent of the rate of climb 
providing that these conditions apply. It will be seen from the Table that 
serious weight losses by evaporation occur only in the case of those fuels 
which have appreciable vapour pressures, the kerosine type of fuel not being 
subject to this disadvantage. With fuels of more than 2 to 3 lb R.V.P. 
and having conventional distillation characteristics, the losses may become 
important with fuel temperatures of 100° F. For vapour pressures in the 
normal aviation gasoline range, i.e., 5 to 7 lb, up to 10 per cent loss of fuel 
may occur at altitude, even with initial ground temperatures of only 60° F. 
Should the temperature of the fuel in the tanks at ground level reach 100° F 
(a temperature which: may easily be exceeded in certain climates) as much 
as 20 per cent may be lost on climbing to 60,000 ft. The actual volumes of 
vapour and air which may be involved may be very considerable, particu- 
larly with the more volatile fuels at high rates of climb. 


TasBLe XVI 


Comparative Fuel Losses at 60,000 ft Altitude Assuming Equilibrium Climb 
Conditions 


% Weight fuel lost at 60,000 ft 


-V.P. at 100° F, 
Fuel type p.S.i. 


60° F initial 100° F initial 
fuel temp fuel temp 
Kerosine ; <0: 0-0 
Wide-cut fuel : 2. 0-0 1-0 
. 75 16-5 
Aviation gasolines + 10-5 | 19-5 
Wide-cut fuel ; . 9-6 15-0 


Table XVII shows the results of some calculations, by the method given 
in Appendix VI, of the rates of vapour release for typical fuels. It will be 
seen that kerosine type fuels evolve only a comparatively small volume of 
air under the conditions specified, compared with the extremely large 
volumes of vapour evolved by aviation gasolines. The latter will also 
evolve small quantities of air in addition to the vapour volumes shown, but 
these are quite negligible in comparison, and will not normally exceed 3 
cu.ft/min per 100 Imp. gal. ; 

For normal size vents the linear velocity at which the vapours will be 
discharged to atmosphere, assuming equilibrium conditions and no pressure 
drop across the tank, will be extremely high. In Table X VIII some calcu- 
lations are given for a number of vent sizes, and the high linear speeds 
obtained with the smaller vents and a comparatively volatile fuel will be 
observed. From the data given in Tables XVI and XVII it will be obvious 
that, if adequate venting is not provided or other precautions taken, very 
excessive pressures may build up in the tanks. There are two methods by 
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TasLe XVII 
Volumetric Rate of Vapour Evolution on Change of Altitude 


y Rate of climb = 10,000 ft/min (constant) 
Assuming < Vapour temperature = initial fuel temperature 7° F 
Molecular weight of evolved gases = 72 (C,H,,) 


Rate of vapour loss cu. ft/min/100 Imp. gal. fuel Kerosines * 


Fuel No. 13 k= 00150 | k = 00250 


Altit 
1000 fe” | Fuel No. 1 Fuel No, 12 


60° F 100° F 100° F 60° F } 60° F 


= | 
1760 
2221 | 
2786 | 


For other rates of climb, rate of fuel loss is directly proportional. 
* Release of air only. 


which both the fuel weight losses and tank venting problems can be reduced, 
namely, a moderate degree of tank pressurization, or refrigeration of the 
fuel on the ground. The former will obviously involve some weight penalty 
on the aircraft, and the latter provision of expensive refrigeration equip- 
ment for use immediately prior to fuelling the aircraft. 


TasLeE XVIII 
Linear Vapour Velocity per 100 Imp. Gal.* 5 to 7 lb Wide Cut Fuel at 100° F t¢ 
Rate of climb 10,000 ft/min (constant). 


Altitude 1000 ft 


Vent 
diameter, 
inches 


Linear vapour speed, miles per hour 


1 


* For other fuel quantities and rates of climb, the linear vapour speed is directly 


proportional. 
+ Assuming equilibrium conditions maintained in fuel tank, and no pressure drop 


through tank vent. 


Table XIX illustrates how pressurizing the fuel tank to 2 p.s.i.g. reduces 
fuel losses and gives also the maximum degree of pressurization required 
to prevent boiling loss at 60,000 ft altitude on typical aviation fuels at two 
initial fuel temperatures. It will be seen that up to about 10 per cent 
fuel weight loss can be saved by pressurizing the tank to 2 p.s.i.g., and this 
is sufficient to eliminate fuel weight loss, even with normal aviation gasolines, 
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for initial ground fuel temperatures of up to about 80° F. To overcome 
fuel losses completely at an altitude of 60,000 ft, pressures of up to 5 
p.s.i.g. may be required for these fuels at higher initial temperatures. Also 
shown in Table XIX are the maximum fuel temperatures that can be 
permitted for certain typical fuels, if fuel loss by boiling is to be avoided at 
altitudes up to 60,000 ft, together with an estimate of the amount of 
refrigeration required to obtain these temperatures, 


TaBLe XIX 
Effect of Pre-cooling and Pressurization on Reduction ses Fuel sustanteed Losses 


Adiabatic weight per 

cent fuel lost during Pressurization | Max. initial ro in 
Initial climb to 60,000 ft | required fuel | B.Th.U/ L000 
fuel to prevent to avoid | Imp. pli of 


temp, boiling loss boiling fuel to prevent 


| at 60,000 ft, | at 60,000 ft, | boiling 
p.s.i, gauge | | at 60,000 ft 
| 


Unpressur- Pre 


Aviation gasoline | | 

Wide cut No. 12 - 244,000 
(7 | § 391,000 
Wide cut No. 13 | 

(2 p.s.i. | 50,000 


Apart from the weight loss of fuel incurred on climbing to high altitude, 
there must obviously be a corresponding change in composition of the fuel 
remaining in the tank, since the lighter constituents have been preferentially 
evaporated. This will result in changes of R.V.P., front-end volatility, 
and explosive limits. Any beneficial results of the inclusion of light con- 
stituents in the fuel will disappe: ir with their removal by evaporation. 

The occurrence of bumping or foaming in aire aft fuels at altitudes 
constitutes a very difficult problem, the nature of which is not explained. 
It is extremely difficult to simulate flight conditions, including such factors 
as tank sizes, degree of agitation, etc., in laboratory experiments. The 
experimental evidence available indicates, however, that two types of 
phenomena may be involved. One of these is a consequence of supersatura- 
tion of a fuel with either fuel vapour or air, or both. At some subsequent 
time sudden air or vapour release may occur from the fuel, large volumes 
of vapour causing violent bumping and severe frothing, which may result 
in liquid fuel being carried into the venting system. Even with normal 
boiling, however, with very volatile fuels and at very high rates of climb, the 
rate of evolution of vapour may be large enough to cause entrainment of 
the liquid in the vapour. Severe foaming will also occur in such cases, and 
particularly if the tank is nearly full. Liquid fuel will again be carried 
over. 

It will be seen, therefore, that most of the vapour-release problems 
associated with the use of aviation fuels at high rates of climb occur 
with the higher vapour pressure fuels. If it is essential to use such fuels, 
then some degree of tank pressurization or cooling of the fuel on the ground 
is unavoidable, with consequent problems to designers of aircraft and 
equipment. 
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APPENDIX I 
MEASUREMENT OF AIR RELEASE FROM KeEROSINE TyPE FUELS 


Apparatus and Materials 


The air saturation apparatus consisted of a glass vessel immersed in a constant- 
temperature bath and fitted with a sintered glass gas distributor. This was con- 
nected with a drying train consisting of a concentrated sulphuric acid bubbler and 


Fie 18 
APPARATUS FOR DETERMINATION OF AIR SOLUBILITY 


calcium chloride tubes open to atmosphere, and on applying suction to the saturator, 
dry air was drawn through the system. 

The apparatus for the measurement of air content is shown in Fig 18, and con- 
sisted of a gas burette B graduated in ml attached through a T-piece to a manometer 
tube M graduated in mm and a mercury reservoir R. In B was a stainless steel cage 
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©, which could be moved up and down by means of a magnet. Samples could be 
introduced through tap 7', and the burette could be flushed out through the three-way 
tap S. 

The apparatus (Fig 18) was similar to that recommended by the CRC for measuring 
the air content of gasolines, but dispenses with the constant temperature bath of the 
CRC apparatus. The actual solubility determinations were carried out in rooms, the 
temperatures of which could be controlled, this being a much more convenient method, 
especially in the case of the determinations made at temperatures well above or below 
60° F, In work on the air solubility of kerosines, moreover, the very accurate measure- 
ment of gas temperature is not so important as in work on gasolines, since the vapour 
coe of the latter may vary considerably with temperature, while in the case of 

erosines the vapour pressure is very small, and the effect of a small error of gas 
temperature on the correction of gas volume to N.T.P. is negligible. 

The kerosines used in the experiments were selected to cover a range of the fuel 
»roperties usually determined, and they comply in most respects with the specification 

JERD, 2482 for aviation gas turbine fuel. Inspection data are given in Table IT. 


Test Procedure 


The kerosines were dried and freed from compounds which react with mercury by 
standing for at least 24 hr over anhydrous sodium sulphate and a little mercury, and 
occasionally shaking well. 

The filtered liquid was transferred to the air saturator and air passed in a steady 
stream, the liquid being maintained at the desired temperatures by the external bath. 
In saturating at temperatures above atmospheric, the off-take of the saturator was 
fitted with a reflux condenser. At intervals, samples were transferred to the gas burette 
and determination of air content carried out, the sample temperature and atmospheric 
pressure at the time of transfer being noted. This procedure was repeated until three 
consecutive determinations gave closely similar results, indicating that saturation of 
the sample was complete. 

In the case of nitrogen and oxygen solubility, the kerosine was freed from air by 
refluxing the liquid for an hour, after which the reflux unit was sealed and allowed to 
cool. The appropriate gas was admitted to restore atmospheric pressure and the 
liquid transferred, by applying excess pressure, to a saturator filled with the same 
gas. 

The gas was then passed through the drying train and sample, subsequent procedure 
being exactly as with air. 

The determination of dissolved gas was carried out as follows: By raising the 
reservoir R, B and M were filled with mercury. The cock 7’ was then closed, and 
manometer M isolated by closing tap P?. R was then lowered so that burette B was 
empty of mercury; thus, the adsorbed air film on the walls of the burette was removed, 
and on raising R again the desorbed air was collected at the top of B and driven out 
by opening tap 7. These operations were repeated until no more bubbles of air 
appeared on lowering the mercury level in B. 

The sample was then poured into the cup at the top of B, and after lowering R, 
25 ml were drawn in through the tap 7’, which was then sealed by pouring a drop of 
mercury into the cup. After opening P, the apparatus was stoned to stand until a 
steady temperature was reached. # was then lowered to a selected level, and the 
kerosine agitated by the cage C forsometime. After allowing a moment for drainage, 
cage C was held suspended in the kerosine by means of the magnet, while the vapour / 
kerosine and kerosine/mercury interface readings on the burette scale were taken, and 
the manometer read. The temperature of the vapour was taken by a thermometer 
fixed to the side of the burette. This did not vary more than 2° F throughout the 
experiment. Agitation was repeated until constant readings were obtained. Reservoir 
R was then lowered successively to four more positions, and the procedure repeated 
at each position. The atmospheric pressure was noted half-way through the experi- 
ment. 

At the end of the determination the kerosine was forced up into the cup by raising 
R and opening 7’, and the kerosine removed by suction. R was then lowered to empty 
the burette and the surface layer of mercury rejected through S. The burette was 
flushed out twice with petroleum ether, and a drying tube fixed to thecup. The burette 
was dried by drawing air through this tube and out at S, for 4 hr, and the apparatus 
was then ready for the next experiment. 

The efficiency of the method of solubility determination was checked by deter- 
mination of the solubility of carbon dioxide in water. The values of the solubility 
coefficient of carbon dioxide in water are well established, and are available in the 
International Critical Tables. 
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Theory of the Method and Calculation of Results 


The solubility of gases in liquids in many cases follows Henry’s law, which states 
that the mass of gas dissolved in a liquid at equilibrium is proportional to the partial 
pressure of the gas in the vapour phase with which the solution is in equilibrium. 

This law may be expressed mathematically in the form :— 

where S, = volume % of gas dissolved = volume (ml) of gas measured at N.T.P. 
dissolved in 100 ml (measured at 60° F) of liquid. S, is proportional 
to the mass of gas dissolved ; 
p = partial pressure of gas in the vapour with which the solution is in 
equilibrium ; 
k = solubility coefficient which varies with gas, liquid, and temperature. 

The pressures are all measured in mm mercury so that & is given in volumes % /mm. 

Assuming that this law holds for kerosine and air, then the amount dissolved at a 
total pressure B and a temperature 7',° F is given from (1) by 

where k, = solubility coefficient at temperature T° F 
Pp, = Vapour pressure of kerosine at temperature 7,° F. 
When this kerosine is partially degassed in the burette, let S,; = volume % gas 
remaining in solution. 
S, = volume % gas in vapour space 
If p = total pressure in vapour space 
P, = vapour pressure of kerosine in vapour space which is at temperature 
F. 


2 
From equation (1) 

where k, = solubility coefficient at temperature T,° F. 


Also, if V = volume occupied by vapour space in burette and L = volume occupied 
by kerosine in burette at a temperature 7',° F. 
492 100 
Then x (460 + 7,) x WA (5) 
Where Z is a correcting factor which converts the liquid volume L to the value at 
60° F. 
Hence from (2), (3), (4), and (5) 
LZ(T, + 460) (P — Pa) 
For the values of 7° F used in the experiments, which were all within a few degrees 
of 60° F, the value of Z was not appreciably different from unity, and this value was 
used in all the calculations. 
For the kerosines used, p, was 1 mm or less and was neglected in comparison with 
Pp, which was never less than 50 mm. 
Making these approximations (6) becomes 
64:74V 
L(T, + 460) = k, oe (7) 
64-74V 


Hence if Henry’s law holds for solutions of air in kerosines, the plot of Li, + 460) 


against = _ P1 should be linear, and the value of k, given by the slope of the line. 


For all experiments in which saturation with air was carried out at 60° F or less, 
Pp, was also | mm or less and was neglected. This gives the equation 
64-740 — = kB 8 
This equation was used to calculate the results of all the experiments except those 
in which saturation was carried out above 60° F. 
As described above, the readings taken in the experiment were; temperature 7', 
and 7',, pressure B, and the readings of manometer and kerosine/mercury and kerosine/ 
vapour interfaces in the burette. The last two readings were converted to equivalent 
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manometer readings from a previously prepared calibration curve. Hence V and L 
were known (the latter being corrected for the immersed volume of the steel cage), 
and also the heights of mercury in the manometer (m) and burette (h), and the height 
of kerosine column (e) in the burette. Knowing atmospheric pressure during the 
experiment (8,), the absolute pressure in the vapour space in the burette (p mm 
mercury), was given by the expression 
Pp B, ~m + ifs) 
where p = specific gravity of kerosine. 

It was mentioned above that determinations giving five results at different pressures 
were carried out until three successive runs gave consistent results. Final calculations 
were made by fitting to the derived results for all three runs, the best straight line by 
the method of least squares. 


APPENDIX II 
Rate or RELEASE OF AIR FROM KEROSINE 


By Henry's law per cent volume air dissolved at pressure p millibars is given by 
S, = kp x 760/1013 

k = value found experimentally (for p measured inmm mercury). Rate of evolution 

of gas, volume % /unit time is 
— dS/dt = —dS/dp.dp/dH .dH/dt % vol/unit time . 
where H «= altitude in metres; 
dH |dt = rate of climb metres/min = R. 
— dS/dt = — Rk .dp/dH .760/1013 % vol/min . . . (3) 
To convert to the volume per 100 vol fuel measured at 7'° F and pressure p millibars, 


multiply by a factor 
1013/p x (460 + T)/492. 


To convert to cu. ft/100 Imp. gal. multiply by a factor 
1/6-229. 

Hence if X = rate of evolution of gas cu. ft/min/100 Imp. gal. measured at 60° F 

and the pressure p equivalent to the height H metres. 
X = —129Rk .dp/dH .1/p 
= —120Rk.dlogp/dH.2:303 . . . . (4) 

The definition of the ICAN atmosphere with height H in metres and pressure p 

in millibars is 


H <11,000 metres, H = 44,307 (1 0-1902) 


H~>11,000 metres, H = 11,000 + 14,600 log ( Puse) 


where Py;,090 — pressure at 11,000 metres in millibars. 
Transforming these equations we have 


H <11,000 
log p = 5-258 log (44,307 — H) — (5-258 log 44,307 +- log 1013) 


2-303 x dlog p/dH = —5-258/(44,307 — H) 


H >11,000 
log p = log Pyy.000 — (H — 11,000)/14,600 


te 2-303 « dlog p/dH = —1/14,600 . 
Hence from (4), (5), and (6) 
H <11,000, X 129Rk 5-258/(44,307 — H) 
H > 11,000, X 129Rk « 1:578 «x 10-4 
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APPENDIX III 
MEASUREMENT OF VAPOUR RELEASE FROM GASOLINE TyPE FUELS 


Apparatus 


The investigation was carried out in a bench-scale apparatus resembling that used 
in similar work by the N.A.C.A.'* In the apparatus, the following flight variables 
could be simulated :— 

Rate of climb. . Oto 30,000 ft/min 
Initial fuel temperature . —30° to +120°F 
Altitude . . 0 to 60,000 ft 


A diagrammatic sketch of the apparatus is given in Fig 19. 


Fie 19 
DIAGRAMMATIC ARRANGEMENT OF SIMULATED FLIGHT-TEST APPARATUS 


A. Revolving drum M. Mercury manometer 
. Mercury manometer P. Potentiometer 
. Control valve R. Condensate traps 
. Control valve S. Scales 
Fuel reservoir T. Thermocouple 
. Copper coil V. Evacuated tank 


. Vaporizer pipe 


The a fuel reservoir F had a capacity of 1646 ml, and was constructed of 


Pyrex glass with brass end plates, attached to the glass by metal flanges and vacuum- 
tight P.V.C. gaskets. The base plate was fitted with a drain plug, and the top plate 
with a filling plug, manometer connexion, and a | inch i.d. vapour line L. Thermo- 
couple T and a copper tubing coil H enabled the temperature to be measured and 
controlled, hot or cold kerosine being circulated through H to bring the fuel to any 
required temperature. The reservoir was heavily lagged with asbestos and plaster 
of Paris, two observation holes being left. For some later tests, the top plate was 
fitted with a gland carrying an electrically driven stirrer shaft not shown in Fig 19. 

The vapour line L was connected by a flexible glass and rubber line to two successive 
glass cold traps cooled with solid carbon dioxide/isopropy! alcohol mixture, and then 
to a 10-gal steel tank V connected to atmosphere by valve D, which could be evacuated 
by two rotary vacuum pumps, the pressure in V being indicated by manometer B. 
Vacuum was applied to the system through needle valve C, and fuel weight loss was 
indicated on the scales S, upon one pan of which the reservoir F rested. The indicating 
scale of S covered a range of 500 g in 5-g divisions. Temperature variations were 
recorded by the potentiometer P calibrated in.2° F divisions. Pressure variations in 
the fuel tank were registered on mercury manometer M, the open limb of which was 
placed in front of a vertical cylinder A rotated at 4 r.p.m. by an electric motor. To 
this cylinder was attached a series of graphs, and by regulating the valve C so that 
the mercury meniscus was continuously registered on the appropriate curve, any 
required rate of climb could be simulated. The curves were based on a constant rate 
of climb and the pressure/height variations of the standard ICAN atmosphere (Fig 1), 
and allowance was made, by previous calibration, for irregularities in the bore of 
the manometer, 
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Test Procedure 


The reservoir V was evacuated by the pumps, the cold traps were filled with coolant, 
and the requisite quantity of fuel was introduced into F by water displacement from 
a storage can. The scales were balanced to give a reading near the top of the scale, 
and the fuel brought to the desired temperature by circulating kerosine through coil 
H and a further coil immersed in an external bath containing a cooling mixture or 
hot water. The valve C was then opened and manually regulated to simulate the 
required climb rate as described above. Readings of the fuel weight loss and fuel 
temperature were taken at 4-min intervals, and the height was noted at which fuel 
boiling was observed to commence. When the simulated altitude of 60,000 ft had 
been reached, this was maintained constant, and temperature and weight readings 
were continued at 4-min intervals until fuel boiling ceased. 

Atmospheric pressure was restored to the system by releasing valve D, and the mass 


balance completed by drawing off and weighing the condensate collected in the cold 
traps. 


APPENDIX IV 
CORRECTION OF VAPOUR-RELEASE RESULTS TO ADIABATIC CONDITIONS 


When gasoline boils under adiabatic conditions its temperature falls due to the 
absorption of latent heat required to convert the liquid to vapour. In a complex 
hydrocarbon mixture the vapour pressure of the residue continually falls, and boiling 
and temperature decrease continue until the vapour pressure of the residue at the 
temperature attained is equal to the pressure at the liquid-gas interface. 

In the apparatus used the heat content of the reservoir was a considerable pro- 
portion of the total heat content of reservoir and fuel, and in the study of the effect 
of initial fuel temperature on weight per cent fuel lost, corrections had to be made for 
the added heating effect of the reservoir. 

If, in a given experiment, w g of fuel are evaporated, then the heat absorbed is wl 
calories, where L is the mean latent heat of evaporation in cal/g. Some of this heat 
is supplied by the fuel, which falls in temperature from ¢,° F to t,° F, and the remainder 
by the reservoir; under adiabatic conditions the weight loss would be less for the 
sume fall in temperature. Alternatively, the same weight loss and final fuel tempera- 
ture would correspond to a higher initial fuel temperature. 

If the heat content of the reservoir is a fraction x of the heat content of the fuel, 
then in order to produce a weight loss of w from the same initial amount of fuel and 
a final fuel temperature ¢, under adiabatic conditions the temperature fall would be 
(lL + 2x)(t, — ¢,), and the corrected initial fuel temperature /, to give this result would be 

te (1 + x)(t, t,) 
When, in an experiment, a steady rise or fall of temperature was observed prior to the 
commencement of fuel boiling, due to the fuel being at a temperature lower or higher 
than ambient, this initial part of the temperature /time curve was extrapolated to the 
mean time between commencement and end of boiling, and this value was taken as 
the observed initial fuel temperature (¢, in the previous equation). 

The heat capacity of the reservoir was determined by two methods as follows :— 

(1) The container was filled with the same weight of gasoline (approx 350 g) as used 
in all the vapour-release tests and fitted with a small coil of resistance wire. A small 
measured D.C, current was passed for a measured time, and the potential difference 
across the coil measured accurately at intervals—thus the heat equivalent of the 
electrical energy could be calculated. The rise of temperature was observed on an 
accurate thermometer calibrated in 1/100° C, stirring being continuous during 
the experiment. A temperature/time curve was constructed, including the periods 
before and after passage of the current and the corrected temperature change (approx 
2° C) obtained in the usual way. From the temperature rise, weight, and specific 
heat of the gasoline, and the heat equivalent of the electrical energy supplied, the 
water equivalent of the vessel was calculated as 53% of that of the gasoline, so that 
the factor 1 + 2 = 1:53. 

(2) A value for the heat capacity of the container may be obtained by an approxi- 
mate treatment of the results of the vapour-loss experiments themselves as follows :— 

In any experiment, let G g of fuel be subjected to vapour loss of W g accompanied 
by an observed temperature fall of At? C. Let the specific heat and latent heat of 
evaporation of the fuel (assumed constant) be S cal/g/° C, and L cal/g respectively. 
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Then if the water equivalent of the container is w and it is assumed that W is small 
compared with G, then approximately 


WL = AUGS + w) 
or At = WL/(GS + w). 
Hence a plot of At against W is linear; ZL and S are constant, and if these quantities 


are known, w may be found from the slope of the line. 
Such a plot is shown in Fig 20 for experiments in which a number of fuels were 


MEASURED TEMPERATURE OROP *F ST 
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Fie 20 
TEMPERATURE DROP DUE TO FUEL EVAPORATION 


used but G was substantially constant at 350 g. Using mean values of L = 88 cal/g 
and S = 0-48 cal/g/° C; from the graph 
Slope = 55/(1-8 85) 
0°359° 
Hence w = (88/0-359) — (350 « 0-48) 
77-1 g. 
The container hence has (77-1 « 100)/(350 x 0-48) = 46% of the heat capacity of 
the gasoline, and the factor (1 + 2) = 1-46 
In view of the approximations involved in the above reasoning, the scatter on 
Fig 20 is remarkably small, and the value of (1 + 2) obtained in good agreement with 
the directly determined value. The latter value was, however, used in making 
correction to the results for adiabatic conditions. 


APPENDIX V 
Quantity oF FueLt Lost as ENTRAINED VAPOUR DURING RELEASE OF 


Air FROM SOLUTION IN GASOLINES 


The work of Bridgeman and Aldrich ® shows that for a limited range of gasolines, 
the Henry’s law solubility coefficient k may be very approximately related to the 
60/60° F specific gravity (p) by the relationship 


The volume per cent (NTP) dissolved at saturation in gasoline is hence 


S, = kp (see Appendix I) . 
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where p partial pressure of air above gasoline 

where Py = V.p. of gasoline at temp T° F 
and total pressure. 


For sudden air release at total pressure ?, and the same temperature 7° F % volume 
air released 
Ve = — py) — (Py — 
Actual volume 
= V,. (460 + 7)/492 x 760/P, 
== 760(460 + 7)/492 x k(P — P,)/p, per 100 volsfuel .  . (5 
This air is saturated with gasoline vapour at pressure pz. Assuming gasoline vapour 
obeys the gas laws 
nR(T + 460) 
where F is mm, ° F abs, and ml units 
n = No. of gram mols gasoline vapour evolved. 
Assuming vapour molecular weight is M 
Mass lost Mn per 100 vols fuel 
Mn per 100p g fuel 
Mass % lost = Mn/p = W 


Hence combining equations (1), (5), and (6) 


W x + 460) > < x 0-2116p(1 — 1-125) 


Applying this to the case of two typical fuels of characteristics shown, saturated with 
air at 60° F and a total pressure 760 mm, and assuming air release to take place 
suddenly at 30,000 ft (P, = 223 mm) and 60° F, the weight per cent losses are as 
given in Table XV, assuming vapour molecular weight is 72 (C,H,,). 

For steady air release, the quantity of gas evolved is less. Calculations show that 
the weight per cent of fuel lost from a 5 lb R.V.P. fuel in climbing to 30,000 ft under 
equilibrium conditions is approximately 0-014°, as compared with 0-028% weight 
loss when the air is released suddenly at an altitude of 30,000 ft. 


APPENDIX VI 


Voutumertric Rate or Fuet Loss spy Boring rrom A FREELY VENTED TANK 


Original weight of fuel A |b. 
Per cent weight fuel lost at H thousand feet is given by W = X(H — H,) 
where H, = altitude (1000 ft) at which boiling commences. 
Xx factor depending on the fuel. 
Then at height H, weight of fuel remaining is 


Ww X(H — 
a (1 ) (1 100 ) 


Rate of loss at this altitude in lb min is 

d A (1 _ — AX dH 

dt 100 100 dt 

where dH /dt = rate of climb 1000 ft/min. 

If mean molecular weight of escaping vapour is M 

M g occupy 22-4 litres at 32° F and 760 mm. 

7° F and total pressure is p mm 
(460 + 760 

492 


If fuel temperature is 


M 1b of fuel occupy 22:4 x x 453-6 x 0-03532 cu. ft. 


4 
: 
i 
4 
4 
i 
ur 
' 


VAPOUR AND AIR RELEASE FROM AVIATION FUELS—DISCUSSION 


Rate of fuel loss is 


4x x (60 + 7) x 453-6 x 0-03532 dH /dt cu. ft/min. 


99%. 
loom * 774 


Rate of loss/100 lb fuel is 
(460 + 7)X dH 
Mp dt 
Rate of loss/100 Imp. gal. fuel is 
(400 + 
Mp dt 


x 554-5 cu. ft/min. 


x 5545p cu. ft/min. 


where 
p = specific gravity 60/60° F. 


Discussion 


THE CHAIRMAN: To me, and I think to all of us, this is a deceptive 
paper in one sense; an enormous amount of detailed experimental data 
has been tabled and discussed, and it is perhaps not too easy to realize 
that the subject is extremely important. In the midst of all this data 
there is the vital question of what can happen to the aeroplane if the fuel 
is not entirely suited to the speeds and altitudes discussed in the paper. 

There are two sides of the subject to discuss—does the experimental 
data really correspond to service conditions, and what do we deduce from 
that data ? 


Dr A. D. SHELLARD: The authors have fully investigated a problem 
which has come to the fore in recent years with the advent of aircraft with 
high ceilings and rates of climb, and the consequent difficulties in supplying 
the requisite fuels. 

It was most interesting to note that under the experimental conditions 
described here, the loss of fuel was independent of the rate of climb. I 
wonder whether this condition would be approached in practice, because 
one would expect it to be dependent on the surface area : volume ratio of 
the fuel in the tank. This is not, however, intended as a criticism of this 
paper, because in order to simplify matters and to dissociate oneself from 
design variables, it is necessary to assume equilibrium conditions. 

I was extremely interested in the second part of the paper, because 
quite recently work of a similar nature was carried out on current aviation 
fuels at Thornton Research Centre. One of the more usual methods of 
predicting boiling altitude is to measure the true or air-free vapour pressure 
of the fuel, and I was rather surprised to find that the results presented 
here were not in agreement with this method. For instance, in Fig 15 
the boiling altitude for a 7-lb fuel at 100° F is quoted as 24,000 ft, whereas 
the altitude corresponding to a pressure of 7 p.s.i. is only 19,000 ft. The 
authors put forward two suggestions for this discrepancy, first, that the 
true and Reid vapour pressures are not equal, and secondly, that the fuel 
will lose some of its lighter components while climbing to the boiling 
altitude. It has been shown by Bridgeman (CFR Committee Report, 
August 12, 1940) and confirmed by others that the true vapour pressure is 
equal to the Reid vapour pressure multiplied by a factor of 1-03 to 1-04. 
This then would make the true vapour pressure greater than the Reid 
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and in fact decrease and not increase the boiling altitude. Some results 
were available on a 100/130 grade aviation gasoline of Reid 7-2 p.s.i. 
Its true vapour pressure at 100° F was 7-5 p.s.i., corresponding to a decrease 
in boiling altitude from 18,500 to 17,500 ft. A sample of this fuel was 
maintained at 100° F and the pressure above it reduced to simulate flight 
conditions. The rate of climb was 10,000 ft/min and the final altitude some 
17,000 ft. In the first test the fuel was agitated vigorously during the climb 
to simulate steady air release, while in the second test it was agitated only 
when it had reached its final altitude. In each test the loss of fuel amounted 
to 0-3 to 0-4 per cent by weight, and the true vapour pressure at 100° F 
was reduced to 7-4 p.s.i. Therefore the overall effect of these two factors 
was not to increase but decrease the boiling altitude by a few hundred 
feet. I should therefore welcome any further suggestions the authors can 
make to explain this increase in boiling altitude over the theoretical value 
as dictated by vapour pressure results. It was gratifying to find a reason- 
able agreement between our results for weight loss at altitude, and we had 
also noticed the variation in the X term in the CRC equation for predicting 
fuel losses in terms of the boiling altitude. No doubt at the time when the 
equation was derived the wide variation in front end volatility of present 
fuels had not been foreseen, and the value X = 0-5 does give quite a good 
fit for the conventional 100/130 grade gasoline. 

With fuels of Reid vapour pressure of about 7 p.s.i. the fuel losses, even 
neglecting the possibility of bumping or frothing, are prohibitive at high 
altitudes. Two solutions are offered to this problem, viz., pressurization 
of the fuel tanks, and/or refrigeration of the fuels. A certain degree of 
pressurization will alleviate the problem, but it is doubtful whether it will 


in itself be the complete solution because of the weight penalties introduced. 
I should imagine that refrigeration need not be considered further. 

However, the results of this paper will be of great value to the aircraft 
designers, and I have no doubt that we may now look forward to hearing 
their points of view at this meeting. 


Dr Evans: I should like to thank Dr Shellard for his very interesting 
contribution and for his expression of agreement with quite a number of 
our results. As I mentioned earlier a lot of people have been interested 
in this problem and have worked on it, and it is very valuable to be able to 
compare the results which those of us who are interested have obtained. 

With regard to the apparent discrepancies between the boiling altitudes 
for gasolines shown in Fig 15 and those which would be expected from the 
vapour pressure of the fuel, the effects of fuel loss and of “ true vapour 
pressure ”’ are qualitatively as Dr Shellard has stated. There is, however, 
a more important point which we should, perhaps, have emphasized. In 
Fig 10 is shown a typical weight-loss curve for a gasoline—Fuel No. 1, 
with an R.V.P. of 5 lb. It will be noted that, while steady rapid weight- 
loss commences at about 40,000 ft altitude, smaller but measurable weight- 
loss begins several thousands of feet lower. It is this incipient boiling which 
corresponds to the “ true vapour pressure ”’ whereas Fig 15 deals with the 
more practical case where vigorous, steady boiling commences. 

I am inclined to agree that refrigeration is probably not a practicable 
proposition. Some degree of pressurization seems to be the only thing if 
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high vapour pressure fuels are to be used, but obviously fuels which will 
evolve so much vapour that they cannot be handled should not be used if 
their use can possibly be avoided. 


Dr 8. G. DanireL: About ten years ago, as part of an investigation of 
vapour locking, following a cohsiderable programme of laboratory work, 
some actual flight tests were made to determine the rate of evolution of 
dissolved air from fuels at high altitudes. Unfortunately, in those days jet 
aircraft were not available, and we had to be content with a ceiling of about 
35,000 ft. The aircraft was fitted with a device whereby samples of the 
fuel in the tank could be taken during climb, and it was found that up to 
about 35,000 ft a very high degree of supersaturation existed, i.e., at that 
altitude the dissolved air content of the fuel was of the order of four to five 
times its theoretical equilibrium content. In the course of those flights 
there was no evidence of “ bumping ”’ or frothing, and evolution of air took 
place very slowly. Even after about 20 minutes of level flying at 35,000 ft, 
very little air had been released. This altitude was a little below the 
boiling altitude for the particular fuel used. This particular aircraft had 
not been fitted with a booster pump, and as a result the fuel in the tank was 
relatively static. 

Passing to the more theoretical aspects of the solubility of gases in hydro- 
carbons and petroleum products, the authors have shown that there is a 
relationship between the surface tension and the solubility, and this relation 
suggests that solubility should increase with increasing temperature. 
It may be of interest to point out that the solubility of carbon dioxide 
decreases very rapidly with increase of temperature, while that of hydrogen 
increases with increasing temperature. 

Have the authors considered using Hildebrand’s theory of solubility 
for examining the solubility data? This has been found very useful in 
some respects, and the deviations from this theory with petroleum products 
are no greater than they are for pure liquids. The authors have also shown 
that there is a linear relationship between solubility and the ? power of 
surface tension. We have found that, for a range of petroleum fractions, 
there is linear relation between surface tension and the log of the solubility 
coefficient (Ostwald), as found by Uhlig for pure liquids. From the slope 
of this line, it is possible to calculate the diameter of the solute molecules, 
and the values obtained by this method are in good agreement with those 
obtained by other methods, e.g., from viscosity measurements, ete. 


Dr Evans: I have been very interested in the points which Dr Daniel 
has raised. In the first place, the degree of supersaturation of air obtained 
can be very large, and four to five times the equilibrium concentration is, 
I think, quite understandable. It would be rather interesting, however, to 
know what would have happened had the fuel in question been taken to 
the boiling altitude; it might have encouraged the air to come off rather 
rapidly. It is amazing how a petroleum fuel can remain supersaturated 
with air to such an extent and even start giving off air, while still main- 
taining a very slow rate of evolution. I find that very difficult to explain. 

The rather curious behaviour of gases like Co, and hydrogen in solution 
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is fairly well known, and that is one of the things which makes it so difficult 
to evolve a really satisfactory theory of gas solubility. 

A little consideration has been given to some of the other theoretical 
aspects of the subject, and we hope to go rather farther into the question. 
But so far as petroleum liquids are concerned there is no lack of adequate 
data. There is a comparatively small amount of reliable data where solu- 
bility coefficients and (say) surface tensions are available for the same 
products. 

I should like to emphasize that the proposed relationship is fundamental 
between, solubility and free space, and surface tension is used only as a 
pects, method for correlation because it is a little easier to determine 
directly than is free space. In other words, the surface tension relation is 
only a derived function. 

One other point there is that, as Dr Daniel will have noticed from the 
paper, a linear relationship between compressibility and solubility has been 
assumed. It may not be entirely linear, and sufficient data is not available 
to prove a completely linear relationship. On the other hand, the plot of 
solubility against 1/y} indicates that the relationship is not too far from 
linear. 


THE CHarRMAN: DoJ understand aright from Table XIX that, with a fuel 
having an R.V.P. of 7 p.s.i., to restrain bumping or foaming a pressure in 
the tanks of up to 5 p.s.i. is needed? I think the figure given was 4-7 p.s.i. 


Dr Evans: With a 7-lb R.V.P. fuel (No. 12 in Table XIX), at a tem- 


perature of 100° F, 4-7 p.s.i. pressurization will prevent a boiling loss at 
60,000 ft. These are calculated figures, they are not actual measurements 
in an aircraft; but theoretically I think they are all right. 


THE CHAIRMAN: That isthe penalty for the avoidance of refrigeration 


Dr Evans: Quite. I do not know whether anyone is in a position to 
comment on this particular point, but 4-7 or 5 lb pressurization seems rather 
a lot from the purely practical point of view, and probably 2 to 3 Ib would 
be about as much as could be carried economically. 


S. J. W. Preeru: In Table XVIII with a 2-inch vent diameter at an 
altitude of 60,000 ft there is a vapour speed of 1300 miles per hour. Table 
XIX deals with the reduction of fuel boiling losses expected under pressur- 
ization. Taking a 2-inch diameter vent, which I gather is quite a large 
vent for an ordinary tank in an aircraft, what sort of cut-out device will 
you have which will not seize up solid under certain conditions, thereby 
creating an enormous pressure inside the tank and giving rise to danger to 
the aircraft when in the air / 


L. D. Derry: I find it extremely difficult to comment on the exact 
type of vent that one should use. There are quite a number of vents 
used in aircraft for this purpose; pressurization is by no means new. 
If the fuel has not a very high vapour pressure with a very high loss, there 
is no need to vent at all. But sometimes a simple kind of safety valve is 
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required. The maximum pressure differential which can occur is the pres- 
sure obtaining in the tank at the moment of valve seizure minus the ex- 
ternal pressure at the ceiling altitude. 


B. F. A. Gatwarp (Mechanical Engineering Department, Royal Air- 
craft Establishment, Farnborough): I should like to comment on the 
paper from the jet aircraft fuel-tank and fuel system angle rather than 
from that of the fuel specialist. 

We are particularly interested in the references to air evolution; not 
only the quantity, but also the quality, of the air which comes out of fuel. 
In experiments attempted on a comparatively large scale, in order to obtain 
results which will be as close as possible to those actually occurring in 
practice, we have found that when a tank of approximately 200 gal capacity, 
in which there was a booster pump running in the bottom, is put into an 
altitude chamber and a climb up to 40,000 to 45,000 ft simulated, air is 
evolved during the whole of the climb; when levelled out at 45,000 ft the 
air continues to evolve, despite the comparatively high degree of agitation 
of the fuel. Attempts to calculate the quantity of air coming off, though 
not very successful, indicate that it continues for periods of up to 2} hr. 

Also the oxygen content of the “air” evolved from the fuel bears a 
relation to the altitude. For instance, when the tank in our test chamber 
is taken up to (say) 35,000 ft there is an oxygen content in the fuel tank 
space in the region of 25 per cent. When taken to 60,000 ft, the oxygen 
content goes up to 35 to 36 per cent. It would be very interesting to hear 
the authors’ opinions on that. 

It is extremely interesting to note the method by which altitude and rate 
of climb were simulated by the authors. I think they used a manometer 
with one end of the arm up against a rotating drum, and they controlled the 
valve so that the meniscus followed the line on the drum. We have not 
yet found a satisfactory method of getting a steady rate of climb and, 
what is rather important, a rate of climb which can be reproduced accurately 
time and time again. When checked photographically there was always a 
tendency to hesitate arcund the line, particularly when the boiling altitude 
was reached. 


Dr Evans: What kind of agitation was used in the 200-gal experimental 
tank? If equilibrium is not attained and if agitation has not been very 
pronounced, one can get, of course, a very considerable amount of super- 
saturation and, as Dr Daniel commented, the air will come off very slowly 
even after it has started. That is a very surprising phenomenon, but it 
certainly occurs. I cannot give an explanation of it, because I should have 
expected that, once the air had started to come off, it would come off quite 
quickly, and equilibrium would have persisted after that. But it is a fact 
that, unless agitation is very violent indeed, that does not happen. Perhaps 
in the flight simulation test at Farnborough the agitation was not sufficiently 
violent to enable equilibrium conditions to be attained. 

Mr Gatward’s comments on the composition of the gas evolved at differ- 
ent altitudes are interesting. The limiting ratio of 2-07: 1 nitrogen to 
oxygen, corresponds to above 32-5 per cent of oxygen—not far from the 
35 to 36 per cent observed at 60,000 ft. At this altitude the external 
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pressure would be little over 1 p.s.i., and most of the original air in the 
free space would have been swept out. It is possible that the lower oxygen 
concentration found at altitudes corresponding to 35,000 ft (say 3 to 4 p.s.i. 
external pressure) is the result of mixing with original air, some of which 
still remains under these conditions. 

As regards the method of measuring or controlling simulated climb, I am 
afraid we did not apply a photographic check. It is comparatively easy 
to keep the mercury on the line; but whether or not the mercury is register- 
ing the true pressure in the reservoir is something which is considerably 
more difficult to check. There may be a certain amount of hysteresis there. 


L. D. Derry: In regard to the point about getting a kick when the 
boiling altitude is reached, I think the solution lies in having an adequate 
vent size in relation to the volume of fuel; in other words, to have ade- 
quate capacity to absorb a sudden release of fuel. In our tests the vent 
was fairly large in relation to the quantity of fuel involved, which tended 
to steady things down. At times there was evidence of the mercury 
column varying a little in height when the boiling altitude was reached, but 
I think it is a matter of a little experimental scale practice in keeping it 
steady. 


Dr Evans: Generally speaking, I do not think it had any difficulty in 
following the line. 


B. A. FauLKNER: Dr Evans has mentioned agitation of the fuel, and I 
wonder whether anyone would like to say whether he thinks stirring or 
vibration is the better method of simulating the sort of agitation which 
occurs in an aircraft tank. Consideration was given to the use of an eccen- 
tric operating against the fuel tank during the experiments. 


F. J. Biee (Royal Aircraft Establishment): I think you should do the 
work at full scale if you do it at all. 

Fig 17 is surprising for if I read the graph correctly a bump results if 
there is almost no fuel in the tank. Generally, aircraft take off with fuel 
tanks almost full, and have been known to climb at take-off at about 
40,000 ft/min. Also, tank temperatures of 120° F have been measured in 
Khartoum. 


Dr Evans: With regard to Fig 17, I do not think we need take that 
too seriously from the point of view of practice. As explained in the 
paper, it is quite impossible to translate experimental laboratory data of 
this kind directly into flight practice. All that is being attempted here— 
and this relates to one experiment of a number carried out—is to get some 
idea of the nature of the problem. Qualitatively it is probably useful; 
quantitatively I am afraid it is not. 


Mr Bice: What are your views on the shapes of tanks? You stated 
that the surface tension, and so on, affect matters, and probably that is 
true of the shape of the tanks also. The aeroplane will probably climb 
at an angle of 30° or 40°, and the fuel at the bottom end of the tank has quite 


o 
é 
\ 
rid 
¢ 
i 
i 
q 
; 
j 
5 | 4 
i 
: 
if 


VAPOUR AND AIR RELEASE FROM AVIATION FUELS—DISCUSSION 521 


a head on it as compared with the fuel at the top. Do you think that will 
have an effect ? 


Dr Evans: Yes, it is that kind of factor which makes it so difficult to 
translate laboratory work into flight practice. Obviously the fuel at the 
bottom end of a wing tank which is tilted at a considerable angle might be 
quite considerably pressurized, and no doubt that will have some bearing 
on the rate at which the fuel vapour will come off. I do not think it is 
possible to calculate exactly what will happen in those cases. 


Mr Bice: Under these conditions, if you climb to 60,000 ft in the tropics 
you can lose up to 50 per cent of the fuel. It seems to me that you can use 
the weight which you lose in fuel by putting some stiffeners around the tank 
to make it a little stronger. 


Dr Evans: I agree that there is very little point in taking fuel a long 
way up just to boil it off. If quite such a volatile fuel is not used, then 
there may be a little weight in hand for pressurizing the tank. 


W. S. Autr: Unlike Mr Bigg, I am rather re-assured by one of the 
tables in the paper. Perhaps Dr Evans or one of his colleagues, or one of 
our friends from the R.A.E., can tell me whether or not I am right in being 
re-assured. I think we are fairly well agreed that the military fuel of the 
future is likely to be a low vapour pressure fuel of the type of No. 13 in 
Table XIX, of around 2 p.s.i. R.V.P. 

As Dr Evans has said, it would seem wise either to pressurize only 
slightly or to accept a certain loss in fuel. Looking at the figures in Table 
XIX, I find that if nothing whatever is done about it, using fuel No. 13, 
and if tank temperature at take off is 100° F, which is a reasonably safe 
climb temperature—although I agree that it can be much higher than that 
in places like Khartoum—only | per cent of the fuel load will be lost. 
Equally, if pressurization is used a pressure of only about 0-2 p.s.i. is needed, 
which may produce difficulties with the self-sealing tank, but would not 
seem to involve much weight penalty. 

As a member of the petroleum industry I, and I am sure many others, 
would like the views of Dr Evans and the R.A.E. as to whether pressuriza- 
tion or the acceptance of a 1 per cent fuel loss is likely to be the answer, 
and whether the fuel suppliers need be gravely concerned about this matter, 
now that it appears that the future military fuel will be one of about 2 lb 
R.V.P. 


Dr Evans : It is a little difficult for me to forecast the trend in military 
gas turbine fuels. Obviously there is no problem in fuels of the type of 
No. 13, the R.V.P. of which is only about 2 p.s.i. When it goes up to 
3 p.s.i—and one of the specifications calls for 2 to 3 lb R.V.P.—the prob- 
lem is a little more appreciable, but there is nothing much to worry about. 
Above that vapour pressure, however, troubles are apt to begin. For 
civil work in ordinary circumstances presumably there will be enough 
kerosine-type fuels available, but what the general situation will be in 
other conditions it is difficult to forecast. Certainly there has been 
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very great interest in the possibilities of operating aviation gas turbine 
engines on a wide range of fuels, including those with high vapour pressures, 
and from some points of view that appears to be not entirely desirable. 


W. A. PartrripGe : I should like to put in a word on behalf of the refiner 
who has to provide these fuels. A vapour pressure of 2 to 3 p.s.i. is shown 
to be about the highest that it is reasonably convenient to use. But to 
manufacture it requires almost complete debutanization of the front end 
fractions of the crude, and when very large quantities of aviation fuel are 
required butane dispersal difficulties may be encountered, particularly 
by those refiners who have to handle the Middle East type of crude, which 
generally is fairly gaseous. I should therefore like to ask any member of 
the aircraft industry whether there is any prospect of some mild form of 
pressurization which would allow of fuel of rather higher vapour pressure 
being used. 

Another reason why I think the refiners would like this is that some of the 
smaller refineries are not too well equipped to debutanize the light fractions 
of the crude entirely, particularly those on the Continent; and in an 
emergency it may be essential to use some of those refineries. Again, if 
the end point/vapour pressure curve for distillates from the average 
Middle East crude is studied it is seen that it starts to flatten out at about 
250° C at 5to 7 lb R.V.P. That means that the refiner, should he make a 
slight mistake and leave in a little butane, cannot correct his blend very 
easily except by using some very heavy materials. He cannot simply 
lengthen the fuel he is making and get the vapour pressure down. 

Finally, on a practical point, Dr Evans has suggested limits of 2 to 3 p.s.i. 
R.V.P. The R.V.P. test is not very accurate, and if the fuel must be be- 
tween 2 p.s.i. minimum to suit some rather difficult aircraft at altitude and 
3 p.s.i. maximum because of vapour losses, then the refiner has got to work 
to exactly 2-5 p.s.i. R.V.P. all the time to cover the repeatability and 
reproducibility of the test. 


Dr Evans: I can assure Mr Partridge that I sympathize very much 
with the refiners’ point of view. ‘They have certainly a problem in producing 
very large quantities of fuel to the low vapour pressure specifications, 
particularly in some of the plants where they have not previously had to 
cater for it. But the fact remains that, unless the aircraft designer adapts 
his designs to enable the higher vapour pressure fuels to be used satis- 
factorily, then either the light constituents will boil off in the air, which 
will entail loss of fuel, loss of flying range, and, possibly worse, mechanical 
difficulties, or else the low vapour pressure fuels have got to be produced 
in the refineries. There does not appear to be any other alternative. 


Mr Gatwarp: I fully sympathize with the refiners in regard to the 
problem of producing fuels of low R.V.P., but I would put in a word for 
the aircraft designer. One of his greatest problems, and one which the 
petroleum industry may have lost sight of, is the weight problem. We 
who are concerned with aircraft are fighting a constant battle to keep down 
the weight to within reasonable limits; to tell the designer that he must 
provide tanks to withstand 7 p.s.i. R.V.P., because thereby it is easier for 
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the refiner to make the fuel, means that he has to put another 5 p.s.i. 
pressurization on the aircraft fuel tanks. His problem is to produce an 
aircraft to travel as far as possible and to carry as much weight as possible. 
Is the aircraft to carry this weight in the form of bombs or in the structure 
of fuel tanks ? 


Dr G. B. MAxwe._: Arising from Mr Gatward’s remarks, I would like 
to stress the point that, under wartime supply conditions, and particularly 
in operational areas, the chances of fuel contamination occurring at some 
stage are very considerable. For instance, it may be necessary to supply 
more than one grade of aviation fuel, say aviation turbine fuel and aviation 
gasoline, through a single pipeline operated by military personnel. Under 
such conditions there is a real risk of supplying to jet engined aircraft a 
fuel of more than the specified vapour pressure. 

The paper under discussion indicates that, due to the high rate of vapour 
release during rapid climb, abnormally high pressure difference between 
fuel tank and external atmosphere may easily arise with the usual size of 
vapour vent. This implies that fuel tanks should be designed to withstand 
such pressure differences to meet abnormal cases; also that, during or 
immediately subsequent to rapid climb, the possible mal-functioning of 
self-sealing linings must be accepted. 

There is also one small point inthe paper which may cause confusion; I 
refer to the statement therein that the total loss of fuel is almost indepen- 
dent of rate of climb, whereas in the preamble to the paper the authors 
mention that the high rates of climb of jet aircraft have greatly accentuated 
this problem of fuel loss. Are we to assume that this aggravation of the 
problem is due to foaming or boil over ? 


Dr Evans : I think the statement was to the effect that the total amount 
of fuel lost by evaporation in climbing to an altitude of (say) 60,000 ft 
was independent of the rate of climb; but the rate at which the vapour 
comes off will depend on the time it takes to reach that altitude and get 
rid of that vapour. 


Dr MaxweEL_ : The total loss is independent of the rate of climb ? 


Dr Evans: Yes. With regard to the other points, I can sympathize 
with the distributors’ problem and the risk of contamination of a low 
vapour pressure fuel which has been very carefully made and selected at 
very great pains by the hard-working refiner, so that it may be spoiled under 
field conditions. I am afraid that is something that has to be reckoned 
with, and it is quite difficult to avoid. 

Storage and distribution of aviation gasoline has, in the past, been 
carefully controlled of necessity, because of the critical nature of fuel 
quality. This care must be maintained in the case of gas turbine fuels if 
maximum performance and availability of military jet aircraft is to be 
maintained. 


J. R. Copetanp: In the paper the authors introduce a new meaning 
to the term “ initial fuel temperature.” It becomes the temperature at 
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which the fuel commences to boil. I would like to have some assurance, 
or otherwise, that that interpretation is merely in relation to that para- 
graph, and not to any other. 


Dr Evans: It applies only to that particular argument. There will 
normally be a slight difference between the ground temperature or even, 
as in our experiments, the initial temperature, which has been corrected 
for adiabatic change, and the temperature at which boiling commences 
in actual flight conditions, because a small amount of evaporation may have 
occurred in the meantime, before active boiling ensues. But, without 
checking up on the point, I do not think there is any inconsistency there. 


Mr CopeLann : I was merely checking the point that you said the term 
was being given a new meaning. 


Dr Evans: It applies only to this particular argument and in the 
derivation of the equations given subsequently. 


C. D. Sourz: In the course of the experiments the time at which bumping 
or foaming occurred was not always reproducible. Can that be affected, 
perhaps delayed, by modification of the tanks ? 


Dr Evans: We did try quite a number of things with a view to making 
the evolution of both air and vapour rather more regular and consistent, 
such as by the use of material akin to “ boiling stones’: details of those 
experiments have not been recorded in the paper, and would not add 
much to the presentation of the subject. 


B. A. FaAuLKNER: We decided, when we were doing these bumping and 
foaming experiments, that our apparatus was so remote from actual 
service conditions that our conclusions were of rather restricted value. 
Undoubtedly a reduction in depth and an increase in the surface area of 
the liquid would provide steadier conditions, but the apparatus used was 
not very satisfactory for such measurements. 


THe CHarRMAN: I wonder whether my colleagues in the petroleum 
industry think that the R.A.E. could help if we put the whole load on them. 
One of the important questions is that of availability, and I make the point 
that the higher or the more normal the vapour pressure, the greater the 
availability in times of stress. That is the only reason that I am aware of 
as to why it is very valuable to have a high vapour pressure, if it can be 
arranged. That problem has to be defined, and only the designer can 
define it. 


L. F. Rutisnavser: I should like to ask whether there is a possibility 
of utilizing in the engine the vapour evolved from fuel when the plane is 
climbing to altitude. 


Dr Evans: I should think that is a possibility. I believe it has been 
proposed, but I think there may be some practical difficulties which I am 
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not very well qualified to assess. But perhaps some of our engineering 
and design friends could comment on that more adequately than I can. 


Mr Gatwarp: We have done a considerable amount of work on that 
problem. But apart from indicating that it shows a certain amount of 
promise and also presents considerable control difficulties, I do not think I 
should say more about it. 


Vote of Thanks 


THE CHAIRMAN: We have had a most interesting discussion. Once 
again we have had it demonstrated, by the paper and the discussion, that 
we cannot have something for nothing. If we want to fly as high and as 
fast as possible, we cannot have as much fuel as possible. 

I am sure we are all very grateful to the authors. They have done a 
tremendous amount of work in preparing the paper, which is most provo- 
cative and has come probably just at the right time. The interest which 
our friends in the R.A.E. have shown has demonstrated how extremely 
practical it is. 

We all wish to thank Dr Evans and his co-authors very much, and I 
invite you to express your appreciation in the usual way. 

(The vote of thanks to the authors was warmly accorded.) 
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GRAPHIC TRACING OF REACTIONS OF 
HYDROCARBON MIXTURES * 


By H. I. Waterman + (Fellow) and H. Booy + 


SUMMARY 


During the course of the processing of a mineral oil, the changes taking 
place are reflected in the magnitude and ratio of the number of aromatic and 
naphthenic rings per average molecule of the sample. These ring contents 
are calculated from refractive index, density, and molecular weight, measured 
at various stages of the process. Changes caused by opening or closing of 
rings, hydrogenation or dehydrogenation, cracking and polymerization or 
alkylation can conveniently be followed by the aid of a graph in which 
aromatic-ring content is plotted against naphthenic ring content. 


DEFINITION OF STRUCTURAL CARBON GrouUP ANALYSIS 


A CONSISTENT and straightforward type description of a petroleum distillate 
would be the statement of what fraction of the carbon atoms is present 
in aromatic rings, what fraction is in naphthenic rings, and what fraction 
is in paraffinic chains. This has been termed structural carbon-group 
analysis. While the analysis gives no clue as to the manner in which the 
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CARBON DISTRIBUTION AND RING CONTENT OF CYCLOPENTYL-PHENYL-HEPTANE 


elements are linked together in the individual molecules actually present, 
it does give a picture of the ‘“ mean molecule ” of the oil, that is, a hypo- 
thetical molecule containing structural groups in the proportions in which 
they are present in the oil. Thus, the functional-group characteristics of 
this molecule are unequivocally expressed. The analysis tells to what 
extent the average molecule (and hence the oil) is aromatic, naphthenic, 
and paraftinic; it also gives the number of rings contained in the ‘ mean 
molecule,” and this is the reason why the method is more commonly known 
as the ‘ring analysis.’ Fig 1 illustrates the definition of this type of 
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analysis. cycloPentyl-phenyl-heptane is aromatic, naphthenic, and paraf- 
finic. Of its 18 carbon atoms 6 or 33-3 per cent are aromatic, 5 or 27-8 
per cent are naphthenic, and 7 or 38-9 per cent are paraffinic, and the 
molecule has two rings, one aromatic and one naphthenic. If it is assumed 
that this formula represents the mean molecule of a sample (that is, if all 
molecules are visualized as a single molecule of average constitution and 
molecular weight of all), then this is the carbon group composition of 
the oil. 


INTRODUCTION 


The structural carbon group or ring analysis method was developed by 
Vlugter, Waterman, and van Westen in 1932,! and the determinations 
required for the computation of composition were refractive index, density, 
molecular weight, and aniline point. A much-improved version of the 
method by Leendertse, Tadema, Smittenberg, Vlugter, Waterman, van 
Westen and van Nes was reported to the American Chemical Society in 
March 1950 under the name of the “‘ n-d-M Method,” so-called because only 
refractive index, density, and molecular weight are needed, the aniline 
point having been dispensed with.? 

It is the purpose of this paper to call attention to the significance of the 
ring content (particularly the ratio between aromatic and naphthenic ring 
contents), because, if closely observed in the course of the processing of an 
oil, valuable information can be obtained from the ring content concerning 
the nature of the structural changes which the oil undergoes. This may 
be illustrated by the aid of an aromatic ring-naphthenic ring-diagram 
shown in Fig 2. If the ring composition of the original oil is denoted by 
point A, then as a result of structural changes, this point will move as 
follows :— 


(a) Naphthenic Ring Opening. If only naphthenic rings are opened, 
the point will move down, because the number of naphthenic rings 
decreases while the number of aromatic rings remains unaltered. 

(b) Naphthenic Ring Closure. If naphthenic rings but no aromatic 
rings are formed, the point moves in the opposite direction. 

(c) Hydrogenation. If the oil is subjected to hydrogenation, 
aromatic rings are converted to naphthenic rings. As each dis- 
appearing aromatic ring is replaced by a naphthenic ring, the point 
will move along a line 45° to the co-ordination axes (AR, = —ARy). 

(d) Dehydrogenation. In the case of dehydrogenation, the point, 
of course, moves in the direction opposite to that of hydrogenation, 
as aromatics are formed at the expense of naphthenes. (Formation 
of olefins by dehydrogenation cannot be followed in this diagram.) 

(e) Cracking. In the case of cracking without opening or closing 
of any rings, the aromatic rings and the naphthenic rings remain 
unaltered. However, as the number of molecules increases during 
cracking, the number of rings per molecule will decrease while the 
ratio between aromatic and naphthenic rings, R4/Ry, remains the 
same. The point will therefore move in the direction of zero ring 
content, O. How far it moves is dependent upon the change in 
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molecular weight, and can be calculated from the latter. Thus, if Mo 
is the original molecular weight and Me that of the cracked oil, the 
number of molecules have increased by the ratio Mo/Mc, and R, 
and Ry have decreased by the factor Mo/Mc. Hence, the extent of 
displacement of point A, representing the original oil, to point B, 


Naphthenic Ring 
Closure 


Polymerization 
Hydrogenation or 


Alkylation 
/ 


Cracking 


Naphthenic Ring 
Opening 


Naphthenic Ring Content, Ry —> 


4 Aromatic Ring Content, Ra—> 


i Fig 2 


; representing the cracked oil, can be determined from the equation 
AO/AO = 

(f) Polymerization or Alkylation. In the case of polymerization or 
alkylation the number of molecules decreases, resulting in increase in 
the number of aromatic and naphthenic rings per molecule, and 
therefore point A moves in the direction opposite to that of cracking. 


APPLICATION OF THE DIAGRAM 


By marking the locations of a number of distillate fractions from oils 
of various origins in an R4—Ry diagram as shown in Fig 3, the difference 
in respect to types of oils may be demonstrated.’ 4° 6 Thus, from the 
“ring pattern’ of the five oils shown here, it may be concluded that 
oils 1 and 4 are strikingly similar, whereas the other oils differ considerably 
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from these as well as from each other. Something may therefore be 
learned about the nature of crude oils from such patterns. 

Of more practical interest, however, is the application of such patterns 
as confirmation or control of reactions to which an oil is being subjected 
in the course of various laboratory or plant processes. As an example, 
take the exhaustive hydrogenation of some of the extract portions of the 
lubricant fraction from a Mid-Continent petroleum, carried out by the 
National Bureau of Standards several years ago at 230° to 250°C and 
170 to 210 atm, using Raney nickel as catalyst.?- As shown in Fig 4, the 


: 


04 0.6 0.8 1.0 
Aromatic Ring Content. Ra 


Fia 3 


direction of change is at 45° to the axes, which one would expect if nothing 
but hydrogenation of the aromatics to naphthenes took place. Another 
example is illustrated in Fig 5, representing a series of experiments with 
the hydrofining of a 60/210 bulk distillate of a California oil. This pattern 
shows that—proceeding in the direction of the curved arrow—in the first 
experiments naphthenic ring opening and cracking were extensive, but 
that in later experiments hydrogenation was predominant. 

The examples illustrate how the conversions which the oil undergoes 
may be traced or diagnosed by plotting the aromatic and naphthenic ring 
contents against each other. These ring contents are, as previously 
mentioned, readily calculated from refractive index, density, and molecular 
weight. 
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CLASSIFICATION OF BITUMENS IN ASPHALT 
TECHNOLOGY BY CERTAIN RHEOLOGICAL 
PROPERTIES 


PART V 


EXPERIMENTAL AND GRAPHICAL STUDIES INVOLVING 
CHANGES IN PENETRATION AND DUCTILITY WITH 
TEMPERATURE 


By 8S. L. (Fellow) 


SyNopsis 


Analytical data on the effect of temperature on bitumen penetration and 
ductility have been obtained on numerous samples of progressively decreas- 
ing hardness and covering six different series of materials, viz., severely 
cracked, slightly cracked, and natural bitumens, each class being either steam- 
refined or air-blown. 

A new “ Penetration Susceptibility Factor”? has been adopted to cover 
the temperature range over which penetration changes from 100 to 10, whilst 
* Ductility Susceptibility Factor ’’ is defined as the temperature range over 
which ductility changes from 100 to 1. Both factors are approximately pro- 
portional to Softening Point Number, but differ essentially from the author's 
other classification methods * *. 4 in that they are materially affected by the 
consistency of the bitumen. These factors should accordingly be regarded 
only as supplementary to Softening Point Number or related indices. 

The effect of air-blowing on the natural group of bitumens is shown to be 
considerably more pronounced than on cracked types. Whereas log ductility 
is normally directly proportional to log penetration, a characteristic sharp 
break occurs in the curve for air-blown natural bitumens, giving two inde- 
pendent straight lines above and below a definite degree of hardness. 

Composite diagrams show simultaneously the relationship to temperature 
of penetration, ductility, and softening-point properties. Once the charac- 
teristics have been established for any class of material, the relevant chart 
can be used directly for deducing the penetration or ductility at any 
temperature of any member of that series. 

The author has also established that there is an independent character- 
istic mathematical relationship for the penetration at the softening-point 
temperature for each series of bitumen. 


SELECTION OF SAMPLES 


THREE groups of asphaltic bitumens have been studied in this part of the 
investigations. These have previously been described as severely cracked, 
slightly cracked, and natural bitumens. 

In order to determine the effect of air-blowing as against steam refining, 
both methods have been examined for each group. Six representative 
series of asphaltic bitumen samples were accordingly selected from amongst 
those previously classified.2»*.4 (See Table IV, page 259.) 

For convenience, brief descriptions of the various groups and the relation- 
ships existing between the penetrations at 77° F and the R & B softening 
points for all the diverse samples tested are repeated in Table VII. 
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THE PENETRATION SUSCEPTIBILITY FACTOR 


Penetration tests were carried out over a range of temperatures for all 
the samples in the foregoing series. The method of test conformed with 
the standard procedure laid down by the IP > and by the ASTM ® in all 
respects except for the temperature. Thus, the 100 g weight and 5 sec 
penetration time were used in all cases, and the time intervals in air and 
water were each | hr as required for the tests at 77° F. 


TEMPERATURE °F 
# oo 120 


PENETRAT/ 
TRUE PENETRATION 


SERIES E 


LOG ABSOLUTE TEMPERATURE °F 


76 
MPERA 


Fie 38 Fie 39 


EXPERIMENTAL DATA RELATING PENE- EXPERIMENTAL DATA RELATING PENE- 
TRATIONS AND DUCTILITIES AT DIF- TRATIONS AND DUCTILITIES AT DIF- 
FERENT TEMPERATURES FOR BITU- FERENT TEMPERATURES FOR BITU- 
MENS OF DIFFERENT SOFTENING MENS OF DIFFERENT SOFTENING 
POINTS POINTS 
Series B: Steam-refined severely Series E: Air-blown _ severely 

cracked bitumens cracked bitumens 


The actual temperatures chosen for the individual tests depended pri- 
marily on the susceptibility characteristics of the bitumens. Thus, it was 
found that sufficient information could be obtained for Series B and E by 
considering fairly narrow ranges from 77° F down to 57° F and 54° F 
respectively, whilst the rates of change with Series Q and S were much 
lower, so that additional test temperatures of 46° F and 38° F respectively 
were deemed necessary to obtain the required data. 

The individual experimental results have been fully recorded in tables 
(not shown here) in which the Softening Point Numbers of the various 
samples have also been listed so that the behaviour of materials of different 
quality can be readily compared. 
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In Part I of this series | it has been shown in a representation of experi- 
mental data by Pfeiffer and van Doormaal ’ that a straight line is obtained 
when log standard penetration is plotted against temperature. In accord- 
ance with the principles outlined throughout this work, it is, however, 
more rational to plot log true penetration against log absolute temperature. 
This also gives a direct proportionality line as a consequence of the direct 
relationship existing between log true pen and log standard pen over 
relatively narrow limits as indicated by Fig 3. Within the same pene- 


TEMPERATURE °F. 


§ $38 


-x* 


STANDARD PENETRATION 


“us 

=: 


3 


PEME TRA TION 


- 

a 
N 


8 


TRUE PEWETRATION 


TRUE 
= 
8 
STANDARD PENETRATION 


ge 


~ ©& 


SERIES M | | SERIES 


LOG ABSOLUTE TEMPERATURE °F LOG ABSOLUTE TEMPERATURE °F 


Fic 40 Fie 41 

EXPERIMENTAL DATA RELATING PENE EXPERIMENTAL DATA RELATING PENE- 

TRATIONS AND DUCTILITIES AT DIF- TRATIONS AND DUCTILITIES AT DIF- 

FERENT TEMPERATURES FOR BITU- FERENT TEMPERATURES FOR BITU- 

MENS OF DIFFERENT SOFTENING MENS OF DIFFERENT SOFTENING 

POINTS POINTS 

Series M: Steam-refined slightly Series N:  Air-blown slightly 
cracked bitumens cracked bitumens 


tration range, the effect of using a log absolute temperature scale instead of 
temperature is also very small. For normal purposes therefore where the 
penetration limits are fairly confined, either method of plotting may be 
adopted with a reasonable degree of accuracy; but where, as in the present 
instance, it is desired to extend the curves beyond the region of determined 
data in order to establish further facts by extrapolation, it becomes impera- 
tive to use the rational rather than the empirical method. 

The six sets of penetration-temperature data determined for Series B to S 
have accordingly been plotted rationally in Figs 38 to 43 respectively. For 
convenience, scales depicting standard penetration and temperature have 
been included in all the charts in addition to the basic ordinate of log true 
pen and abscissa of log absolute temperature. Full lines distinguish the 
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ranges applicable to actual experimental data (individual points omitted 
to avoid confusion) from the dotted sections which are theoretical exten- 
sions. (The significance of the softening point and ductility lines on each 
diagram are discussed later.) 

In accordance with the previous discussion ! the author has adopted as 
his “ Penetration Susceptibility Factor ’ the temperature range in ° F over 
which the penetration changes from 100 to 10. In most instances the lines 
have had to be extended in one or both directions to enable the relevant two 
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EXPERIMENTAL DATA RELATING PENE- 
TRATIONS AND DUCTILITIES AT DIF- 
FERENT TEMPERATURES FOR BITU- 
MENS OF DIFFERENT SOFTENING 
POINTS 
Series S: 

mens 


Air-blown natural bitu- 


temperatures to be read directly off the curves. The final derived Pene- 
tration Susceptibility Factors for the various members of Series B, E, M, N, 
Q, and § are shown in the accompanying Table VII. 

One important difference distinguishes this type of characterization 
factor from the other methods of bitumen classification proposed by the 
author in the preceding parts of this work. Thus, the Viscosity Number or 
Softening Point Number of any series of normal bitumens is independent of 
the respective penetrations or softening points of the individual members. 
This, however, does not apply to the Penetration Susceptibility Factor. 
In none of the cases under consideration are the factors constant for a whole 
series. In five of the six series it is noteworthy that the bitumens of low 
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penetration are characterized by a marked increase in Penetration Suscepti- 
bility Factor as compared with the corresponding parent materials of high 
penetration. In the remaining case (Series Q) there is a slight gradual 
decrease in Penetration Susceptibility Factor from 49-3 at 300 pen down 
to 47-2, corresponding to 27 pen. 

A clear picture of the situation is readily obtainable by a study of Fig 44, 
in which the susceptibility factor has been plotted against log penetration 
at 77° F for all the classes of bitumen under consideration. In general, the 
points for each series fall on fairly straight lines throughout. The behaviour 
of the steam-refined series B, M, and Q as contrasted with that of the equiva- 
lent air-blown E, N, and 8 respectively is most interesting. In the case of 
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EFFECT OF PENETRATION AT 77° F ON THE PENETRATION SUSCEPTIBILITY FACTOR 
FOR VARIOUS CLASSES OF BITUMEN 


the former three types considered as a class, there is a decided decrease in 
slope with increase in Softening Point Number. Thus, the severely cracked 
bitumen series B has a considerably greater slope than the slightly cracked 
series M, whilst natural series Q has a still smaller slope, the direction being 
actually reversed. 

With the equivalent air-blown series, however, there is a definite increase 
in slope with increase in Softening Point Number, so that the effect of air- 
blowing on the natural group of bitumens is considerably more pronounced 
than on the slightly cracked type, whilst the action on severely cracked 
bitumens is relatively small. 

The experimental results have also been illustrated in a similar manner in 
Fig 45, in which the effect of bitumen softening point on the Penetration 
Susceptibility Factor is shown. In this case the abscissa is log softening 
point instead of log penetration at 77° F. The similarity in behaviour 
of air-blown Series N and § is noteworthy. Series N displays a slight but 
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distinct curvature, and Series S is more marked, showing a gradually 
decreasing rate in the increase of susceptibility factor with increase in 
softening point. 

The importance of this section of the investigations lies in emphasizing 
the danger of classifying individual bitumen samples by single Penetration 
Susceptibility Factors alone, without taking into account the behaviour of 
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EFFECT OF SOFTENING POINT ON THE PENETRATION SUSCEPTIBILITY FACTOR FOR 
VARIOUS CLASSES OF BITUMEN 


other members of the same series, both harder and softer. This is because 
the possibility of overlap in the factors from series to series is considerable, 
depending upon the actual penetration of the bitumens being compared. 
Taken in conjunction, for example, with Softening Point Number, the 
Penetration Susceptibility Factor may, however, be employed with greater 
confidence for classifying even isolated samples. 


THEORETICAL DETERMINATION OF THE PENETRATION OF BITUMENS 
AT THE TEMPERATURE OF THEIR SOFTENING POINTS 


In view of the criticism levelled earlier in this work at the Pfeiffer and van 
Doormaal penetration index ? (see Parts I and III), the author has utilized 
his penetration-temperature curves to determine the relationship between 
bitumen quality—as measured by Softening Point Number—and the pene- 
tration at the softening point temperature. 

The lines in Figs 38 to 43 have accordingly been extended to beyond the 
appropriate softening points. It is clear that the logarithms of the pene- 
trations at the various softening points lie on one and the same straight line 
for each series. For purposes of comparison, all the softening-point lines 
for the six series are shown in a composite Fig 46, which, as a point of 
interest, also includes a corrected P.v.D. softening-point line. The position 
of the latter line, established from a plot of log true pen vs log absolute 
temperature, does not coincide with that previously shown in Fig 61 by 
plotting log standard pen against temperature. The fact that different 
penetration values at the softening-point temperatures are obtained by the 
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two methods emphasizes the importance of adhering to rational methods of 
graphical representation, particularly where results are to be extrapolated 
from existing data. 

It is necessary to point out that the purpose underlying Fig 6 according 
to the plotting method of Pfeiffer and van Doormaal was entirely different. 
In that case the intention of the present author was simply to demonstrate a 
fallacious conclusion drawn by those investigators as a result of incorrect 
depiction of their own experimental data. Rational plotting of Fig 6 at 
that stage by the author could only have confused the issue, but it is now 
appropriate to draw attention to this fact. 

In this connexion it is of interest to note that whilst the “ penetration 
susceptibility factor” is not appreciably altered whichever method of 
plotting is adopted, owing to the relative proximity of the determined points, 
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TEMPERATURES 


the apparent penetration value at the temperature of the softening point is, 
however, affected to a fair extent. 

Fig 46 shows that although there is a characteristic mathematical relation- 
ship for any given series between penetration at the softening point and 
softening point itself, each series appears to behave entirely independently 
of the others. Steam-refined Series Q of intermediate Softening Point 
Number, for example, exhibits the least change in penetration at the soften- 
ing point, whilst air-blown Series E, N, and S show progressive increases in 
slope with increase in Softening Point Number. The positions of the 
various lines in relation to each do not appear to follow any particular order. 

The present work points to a number of varying apparent penetration 
values at softening-point temperatures ranging from 1800 down to 300. 
This finding also appears to be in concord with the widely varying absolute 
viscosity values previously found at these temperatures for bitumens of 
different Softening Point Numbers.®:# Individual values for all the samples 
examined have been tabulated for convenience in Table VII. 


Errect oF BiruMEN CONSISTENCY ON THE DvuctTiLity aT 77° F 


Ductilities at 77° F have been determined wherever possible for the di- 
verse samples in all the various classes of bitumen previously considered and 
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ranging from Series A to Z (see Table 42). The results have been plotted 
logarithmically as ordinates in two diagrams :— 


(i) Fig 47—in which the absciss# are logarithms of the penetration 
at 77° F and, 

(ii) Fig 48—in which the abscisse are logarithms of the R & B 
softening point. 


Both diagrams show that, in general, straight-line relationships exist 
between log ductility and log penetration or log softening point. 
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Fig 47 
RELATIONSHIP BETWEEN DUCTILITY AT 77° F AND PENETRATION AT 77° F 


In the case of the air-blown series, in particular, or some steam-refined 
series having fairly high Softening Point or Viscosity Numbers, there is 
frequently a flattening out of the curves below about 10 ductility, due 
probably to increased relative toughness of the bitumens for a fixed drop in 
penetration. This has the effect of widening the ranges of penetration at 
77° F over which the members of any bitumen series change from highly 
ductile materials to brittle ones at 77° F. 
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Fig 47 shows clearly that all bitumens in Series A to V softer than 70 pene- 
tration at 77° F have ductilities of over 100 at 77° F. In the case of Series H 
the ductility at 77° F is over 100 for all bitumen penetrations above 20. It 
is evident, too, that brittleness (i.e., ductilities below 1) at 77° F for these 
various series of bitumens ranging in Softening Point Number from 0 to 20 
generally occurs only below 20 penetration and usually well below 10 pene- 
tration. The lines in Series W to Z of extremely high Softening Point 
Number (up to 58-8) are removed well to the right of the chart, and are less 
steep than the corresponding lines for the lower index series. This fact 
illustrates clearly that the ductilities at 77° F of bitumens of very high 
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Softening Point Number are far less affected by changes in penetration than 
corresponding materials having lower index values. 

The extremely flat curve of Series Z (ductilities multiplied by 10 in the 
diagram) is most unusual in asphalt technology, and merits special mention. 

Fig 48 shows that, except for Series X to Z, most of the bitumens have 
ductilities at 77° F of over 100, corresponding to softening points below 
130° F; they are brittle at 77° F only when the softening points are above 
160° F and, in some cases, considerably higher. 


RELATIONSHIP BETWEEN DvcTILITY AND PENETRATION 
IN GENERAL 


The reasonably close relationship existing at 77° F between ductility and 
penetration and described in the preceding section suggests that there may 
be similar relationships between the two properties at all other temperatures. 

The same six basic series (viz., B, E, M, N, Q, and 8) used previously for 
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investigating the effect of temperature change on bitumen penetration have 
been utilized for studies relating ductility and temperature. Tables (not 
shown here) have been compiled to give the data collected for all six series 
of bitumens at six to eight temperatures ranging from 77° F down to about 
38°F. Inaddition to the experimental results for ductility, the penetrations 
corresponding to the various temperatures and samples under consideration 
have also been tabulated. The latter values have been obtained by direct 
inspection of Figs 38 to 43. 

The experimental data have been represented graphically in one composite 
diagram, Fig 49, in which log ductility has been plotted against log pene- 
tration for each series, irrespective of the temperatures of test. It is 
evident from both the tables and the chart that a multitude of data has 
been collected for each individual series. Average lines have been drawn 
through the relevant points in each case. Direct straight-line relationships 
have, in general, been found to be fairly satisfactory throughout the experi- 
mental range, except for Series S, which requires two straight lines meeting 
at a ductility value of about 8-4. The latter form of double-line curve 
appears to be a characteristic of highly-blown natural bitumens. 

It should be appreciated at the outset that certain divergencies apparent 
in each series may be attributed to the low degree of reproducibility obtain- 
able in the ductility test, particularly since, in some instances, the amount 
of sample available after several tests was so small that the material had 
perforce to be re-used. In addition, experimental results involving duc- 
tility, penetration, and temperature tests simultaneously are undoubtedly 
subject to appreciable cumulative errors. For this reason, there is no 
particular advantage, in this instance, of plotting log ductility against log 
true penetration instead of log standard penetration as is done here, since, 
in any case, over the fairly narrow ranges considered the latter two functions 
are directly proportional to each other. 

The characteristic penetration—ductility relationships shown in Fig 49 
have been extended in each case to give the penetrations corresponding to 
ductility values of exactly 1 in addition to the known penetrations corres- 
ponding to ductilities of 100. The results are summarized in Table VIII. 


Tasie VIII 


Characteristic Penetration—Ductility Relationships for Various Series 
of Bitumens 


Standard and true penetrations corresponding to 


? Duct = 100 | Duct = 8-4 | Duct = 1 
Standard | True | Standard | True | Standard True 
Pen Pen Pen | Pen Pen Pen 
B } | 95 | 2-15 
1-7 
M 26 93 | — — 6-2 1-24 
N 36 | 15-7 8 1-7 
13-0 6-6 1-32 
8 31 0-6 
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It follows that these data can now be transferred directly to the relevant 
diagrams shown in Figs 38 to 43. 

For example, in Fig 40, if two horizontals are drawn across the penetra- 
tion-temperature lines at the positions on the vertical axis correspond- 
ing to true penetrations 9-3 and 1-24 respectively, the region above the 9-3 
true pen line defines the conditions where the ductility is always above 100 
(i.e., for all standard penetrations above 26). This, of course, holds only up 
to that particular penetration (usually well above 400) at which the duc- 
tility reaches a maximum and no more measurements can be made owing to 
lack of cohesion of the bitumen particles arising from extreme material 
softness. At true penetrations lower than 1-24 (i.e., standard penetrations 
lower than 6-2), the material is brittle and has ductility values less than 1. 
For materials having standard penetrations intermediate between 6-2 and 26 
at any temperature whatsoever, the corresponding ductilities can be deduced 
from the chart. Thus, the standard penetration gap from 6-2 to 26 can be 
divided off logarithmically from 1 to 100. Since the vertical distance 
involved is short, it is more convenient and accurate to utilize simple geo- 
metrical principles and mark off logarithmic divisions along any convenient 
sloping intercept which crosses the two parallel horizontal penetration lines. 
For example, it can be seen from Fig 40 (Series M) that a sample which has 
a standard penetration of 51 at 77° F and a penetration of 22 at 60° F 
(corresponding to a true penetration of 7-1 at 60° F) has a theoretical 
ductility at the latter temperature of 50; again, a sample of standard pene- 
tration 40 at 77° F would have a ductility at 60° F of 24 corresponding to a 
penetration of 17 (true penetration 4-9) at that temperature, and a ductility 
of 3 at 44° F corresponding to a standard penetration of 9 (true penetration 
2) at 44°F. Once the characteristics of such a diagram have been establish- 
ed for any given series of bitumens the ductility at any temperature can be 
deduced for any bitumen in that series provided only that the penetration at 
77° F is known. 

Similar principles have been adopted for the construction of the ductility 
lines in Figs 38, 39, 41, 42, and 43 for Series B, E, N, Q, and S respectively. 
In each of the first four, as with Series M, the ductility line consists of a 
single straight line, but in the case of Series S, reference to Fig 49 once more 
shows that the standard penetration range from 26 to 70 must be divided 
logarithmically from 8-4 to 100, whilst the range from 3-1 to 26 penetration 
must be similarly, but independently, divided into logarithmic divisions, 
from 1 to 8-4, as shown in Fig 43. 


THe Dvuctinity Factor 


Figs 38 to 43 are of particular interest, since they offer a convenient 
means of combining in a single chart the relationship between penetration, 
ductility, temperature, and softening point for any series of bitumens. 

These charts have been utilized for compiling further tables in which the 
ductilities at 77°, 70°, 60°, 50°, and 40° F have been deduced. In addition, 
the temperatures at which the ductilities are respectively 100 and 1 have 
been ascertained, the difference between these giving directly the Ductility 
Susceptibility Factor in ° F. (See Table VII for specific data.) 

The shortcomings of the ductility-test procedure have already been 
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discussed. In the author’s opinion the deduced ductility-temperature 
data are far more reliable than the observed values, since the former have 
been averaged for each series from a considerable number of experimental 
results, determined for a large number of samples over a wide range of 
temperatures, and irregular values could accordingly be eliminated. In 
this connexion it is necessary to point out that in the experimental work a 
number of ‘ductility tests had inevitably to be carried out repeatedly on 
single samples owing to the small amount of material available. In some 
cases material from previous tests had to be re-used, so that determinations 
in triplicate were often out of the question. In addition, the well-known 
difficulty of duplicating results, even under normal circumstances, should 
be borne in mind. 

The author has deemed the exhaustive procedure outlined above as being 
most desirable for this particular study in order to avoid incorrect conclu- 
sions being drawn from data subject to varying degrees of experimental 
error. In fact, the primary object has been to achieve order where con- 
fusion previously existed. 

Figs 50 to 55 offer direct comparisons between the observed and deduced 
ductility values for all six fundamental series. Fig 50 shows the effect of 
temperature on ductility for the individual members of both the steam- 
refined and air-blown series of severely cracked bitumens (Series B and E 
respectively); Fig 51 for the two types of slightly cracked bitumens (Series 
M and N respectively); and Fig 52 for the corresponding natural bitumens 
(Series Q and 8 respectively). In these diagrams the lines are all “ iso- 
penetration lines ” (i.e., of equal penetration), and therefore also of equal 
softening point. 

Another method of graphical representation has also been adopted, as in 
Figs 53 to 55, to show the effect of softening point on ductility at different 
temperatures. In these cases the lines each correspond to fixed tempera- 
tures, and are therefore “ isothermal lines.”’ 

The curves all indicate that the observed ductility values are erratic, 
whilst the deduced values follow regular straight-line laws. Ductility 
Susceptibility Factors are thus more readily obtainable from the deduced 
curves, simply by comparing the temperatures at which the ductilities are 
100 and | respectively. It is obvious, too, from the curves that the sus- 
ceptibility factors are in reality measures of the slopes of the ductility— 
temperature lines. 

Perhaps the most interesting set of curves is that for Series 8S, which 
exhibits a change in the direction of the lines at 8-4 penetration. In order 
to compare the slopes of the upper lines in Series 8 directly with those of the 
full lines in the other series, the theoretical temperatures at which the duc- 
tility would be unity if there were no sudden changes in direction have also 
been ascertained. The relevant lines are shown dotted in the diagrams. 

Figs 56 and 57 have been constructed to illustrate graphically the differ- 
ence in ductility characteristics between typical severely cracked, slightly 
cracked, and natural bitumens respectively. In both figures the ordinate 
is temperature in °F, whilst the abscisse are respectivély penetration at 
77° F and softening point. 

The proximity of the temperatures at which severely cracked bitumens 
have ductilities of 100 and 1 respectively is clearly evident, whilst the 
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natural bitumens are marked by the wide temperature gap relating the two 
critical ductility values. 
A noteworthy analogy exists between the Ductility and Penetration 
Susceptibility Factors, as can be seen ‘from direct comparisons of Figs 44 
and 58, which have been plotted with similar axes. The remarks made 
earlier in regard to the lines in the former diagram also apply in every respect 
to the latter, with the exception that in Fig 58 two lines are shown for 
Series S for the reasons mentioned above. It is thus clear that the Ductility 
Susceptibility Factor of a bitumen, like its penetration equivalent, is 
dependent to a great extent on the consistency of the material at 77° F. 


4 


LEM. AT 77°F. 
Fie 56 


COMPARATIVE TEMPERATURES AT WHICH THE DUOCTILITIES ARE 100 AND 1 RESPEC- 
TIVELY FOR VARIOUS CLASSES OF BITUMEN OF DIFFERENT PENETRATIONS AT 77° F 


Classification of a bitumen by the Ductility Susceptibility Factor alone, 
without consideration of other characteristics, is therefore not altogether 
reliable, and, like the Penetration Susceptibility Factor, should always be 
considered in relation to actual bitumen penetration at 77° F and in con- 
junction with other factors discussed previously. 

Thus, in the two extreme cases of the present investigations, it was found 
that the steam-refined severely cracked bitumens (Series B) of Softening 
Point Number = approx 1-0 had Ductility Susceptibility Factors ranging 
from about 9 degrees F for 230 pen bitumen to 13 degrees F for material of 
17 pen, whereas highly blown natural bitumens (Series 8) had a Ductility 
Susceptibility Factor of 79 degrees F for 160 pen bitumen, corresponding 
to a Softening Point Number of 11-0. The Ductility Susceptibility Factor 
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COMPARATIVE TEMPERATURES AT WHICH THE DUCTILITIES ARE 100 AND 1 RESPEC- 
TIVELY FOR VARIOUS CLASSES OF BITUMEN OF DIFFERENT PENETRATIONS AT 77° F 
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EFFECT OF PENETRATION AT 77° F ON THE DUCTILITY SUSCEPTIBILITY FACTOR FOR 
VARIOUS CLASSES OF BITUMEN 
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increased rapidly with progressive hardening to attain a value of over 
100° F when a penetration of 40 was reached. At this stage the quality 
of the bitumen had also improved to register a Softening-Point Number 
of 16-0. 


RELATIONSHIPS BETWEEN SUSCEPTIBILITY Factors AND 
Sorrentnc Pornt NUMBERS 


Figs 59 and 60 have been constructed to confirm the observations 
already made that the Penetration and Ductility Susceptibility Factors are 
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45 
SOFT. POINT NUMBER. 
Fie 59 


RELATIONSHIP BETWEEN PENETRATION SUSCEPTIBILITY FACTOR AND SOFTENING 
POINT NUMBER 


related to Softening Point Number only in a general way, particularly if the 
respective penetrations of all the bitumens are not taken into account. A 
very rough direct proportionality exists in each case. 

The analytical data used for these diagrams are given in Table VII, and 
in addition include certain results conveniently obtained on a further 
series of about fifty samples covering twenty different classes of bitumens 
ranging in Softening Point Number from 0 to 15 and having penetrations at 
77° F of about 200, 100, 60, 40, or 20. These samples were used by the 
author in other investigations involving durability and mechanical stability 
studies,*: ® and reference is made to some of their rheological characteristics 
in Table VI.* 
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It is noteworthy that the upper line in Fig 60 reflects the data for Series 
S consisting of a natural bitumen type which is exceptionally susceptible to 
oxidation, with the result that its rheological properties undergo drastic 
changes on air blowing. The factors for the companion steam-refined 
Series Q prepared from the same parent petroleum oil fall along the path of 
the lower line which characterizes most normal bitumens. The lower line 
includes, besides Series B, E, M, N, and Q, theoretical points for a hypo- 
thetical Series S' representing materials showing no sharp breaks in the 
ductility-temperature curves as reflected by the dotted lines in Figs 52 and 
55 respectively. The values used for the diagram are reported in brackets 
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RELATIONSHIP BETWEEN DUCTILITY SUSCEPTIBILITY FACTOR AND SOFTENING 
POINT NUMBER 


in Table VIL under Series S.A further most interesting observation is that, 
where a break does occur in ductility-temperature curves, as in Series 8, 
the two proportionality lines in Fig 60 are approximately parallel. 

It is also important to mention here that the behaviour of Series S is not 
unique, and that several other similar cases have been encountered by the 
author, all of which, however, had been air-blown to penetrations below 
40 at 77° F. Amongst these are samples prepared by further air-blowing 
in the laboratory of Samples 12B and 20C, reported in Table VI.‘ In the 
case of the former, the 85 pen bitumen of 7-4 Softening Point Number was 
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ultimately oxidized to 15-5 pen with a Softening Point Number of 10-7, 
whilst Sample 20C of 55 pen and 12-1 Softening Point Number was finally 
converted to a product with a penetration of 22 and a Softening Point 
Number of 15-3. 
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Errata. 
Part I. 


Page 117, line 7, should read : 

V.I. = Log Vise at 33° F—Log Vise at 77° F/Log T',,—Log T,, (Factor C). 
Page 127, line 7, should read : 

Thus P.S.F. = tpen 199 — 10 
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MEMBERSHIP 


Details of membership as at December 31, 1951 :— 


Changes during 1951 


Hon. Members . 
Hon. Fellows 
Members . 
. 
Assoc. Members. 
Assoc. Fellows . 
Students . 


Totals 


Member- 
Companies. | 


| Seon! | | 


While the net increase in membership is encouraging, Council is concerned 
at the comparatively large number of members who have resigned. In- 
cluded in this total, however, are forty-two members with whom contact 
has been lost. 

It is felt that, with the co-operation of individual members of the Institute, 
a further substantial increase in membership can be attained in 1952.. 
As has previously been emphasized, membership is no longer confined to 
technologists, and Council has been pleased to note that members have been 
coming forward from all branches of the petroleum industry. 


DEATHS 


The following deaths are recorded with regret :— 
R. P. Brownlee (F.). D. W. Lennie (A.M.). 


. E. Douglas (A.M.). 
on (A.F.). 
wker (M.). 
Jeffrey (A.M.). 
ewley (Hon. F.). 
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R. A. Carder (F.). G. W. (F.). 
oy W. G. Dale (A.M.). J. Mitchell (F.). 
i W. B. Dick (M.). G. F. Page (A.M.). . 
Cc F. W. Penny (F.). 
fa, A E. A. Satchell (M.). 
J J. E. Southcombe (F.). 
oe J A. Wade (F.). 
R. J. Ward (F.). 
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Mr J. Kewley was a member of Council and Vice-President from 1929 to 
1931. In the latter year he was elected President and held office for two 
years. He was elected Honorary Fellow in April 1950. 

Dr Arthur Wade was a member of Council for fifteen years. 


GENERAL 

Premises 

The most favourable relations have been maintained during the year with 
our landlords, the Royal Society of Tropical Medicine and Hygiene, and 
their arrangements for redecorating the major part of the premises occupied 
by the Institute have been much appreciated. The opportunity was taken 
to improve the furnishings in the Council room. In conjunction with the 
House Committee, the Finance Committee has gone into the financial 
aspect of the renewal of the lease of Manson House. As a result, Council 
has approved the recommendation of both Committees to accept the offer 
of the landlord to extend the present lease for a period of ten years from 
October 1952 at the existing rental of £2500 per annum. 


General Meetings 

Ten Ordinary General Meetings were held during the year at which the 
average attendance was between eighty and 100. The discussions on the 
papers presented have been a most valuable part of these meetings and have 
been duly recorded in the Journal. Every effort is being made to broaden 
the scope of the subjects presented for discussion so that a wider variety of 
interests in the industry are covered. 


Annual Dinner 
The Annual Dinner was held at Grosvenor House in February, the 
attendance reaching the record figure of 740. 


Third World Petroleum Congress 

A very successful Congress was held at the i Seadindiin of June at The 
Hague in Holland. A large British contingent attended, and a splendid 
programme of technical papers and social events was arranged. During 
the Congress the President, Mr C. A. P. Southwell, together with Mrs South- 
well and Mr and Mrs T. Dewhurst, had the honour of being presented to 
Queen Juliana of Holland and Prince Bernhard. 

The General Secretary of the Institute is the Secretary General of the 
Permanent Council of the World Petroleum Congress on which the Institute 
is represented by three members, Lt.-Col. 8. J. M. Auld, Mr T. Dewhurst, 
and Mr C. A. P. Southwell. 

Lt.-Col. Auld has been appointed the Honorary Treasurer. 

The Permanent Council is already discussing the venue for the Fourth 
World Petroleum Congress which is expected to be held in 1955. 

Library 

The work of reclassifying and of examining the contents of the library 
with a view to eliminating redundant and out-of-date publications and 
replacing them with more up-to-date volumes has continued. Members 
and Member-Companies are invited to make greater use of the library 
facilities which are at their disposal. 
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AVIATION Propucts Data COMMITTEE 


Following the publication of Data Sheets on Aviation Fuels in con- 
junction with the Royal Aeronautical Society, the Committee has made 
considerable progress in drafting Data Sheets on Aviation Lubricating Oils, 
which should be completed during 1952. 


AWARDS 


Two major awards were made during the year. In June the Cadman 
Medal was presented to Dr Robert E. Wilson, who delivered the Cadman 
Lecture at the Royal Institution, taking as his subject “‘ Competitive and 
Co-operative Research in the American Petroleum Industry.”’ 

In September the Redwood Medal was presented to Professor F. H. Gar- 
ner, O.B.E., who took for the title of his lecture ‘‘ The Training of a Tech- 
nologist.”’ 

Honorary Fellowship was conferred upon Professor J. 8.8. Brame, C.B.E., 
who was for many years a member of Council, Vice-President, and 
ultimately President in the years 1921-23. 


STUDENTSHIPS 


Mr D. Shearn was elected to the annual scholarship offered by the 
Institute at Birmingham University, and Mr. W. 8S. Robinson was awarded 
the Institute of Petroleum prize at the Imperial College of Science and 
Technology. 


BENEVOLENT FuND 


A £50 grant was again paid to Trinidad Branch for the widow of one 
of their members. Although the calls on this fund have hitherto been 
comparatively light, additional subscriptions and donations are required 
to put the fund in a sound position to meet needs which may arise in the 
future. 


BRANCHES AND STUDENTS’ SECTION 


Branch activities have continued and increased during the past year. 
One new Branch has been formed—the Persian Gulf Branch, with head- 
quarters at Kuwait. This is now some seventy strong. 

Elsewhere, branch membership continued to increase. One other 
branch based on Rochester, to be known as the South-Eastern Branch, is 
in the process of being formed. 


ENGINEERING 


During the year the three sub-committees of the Engineering Committee 
have been working on the preparation of further draft chapters of the 
‘ Marketing, Refining, and Production Safety Codes.’’ The wide scope 
being covered will be apparent from the following chapter and section 
headings which have already been drafted :— 


Under the Marketing Code 


Plant and Equipment (a) Mechanical 
Operation of Installations and Depots 
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(a) Receipt of Bulk cargoes 
(0) Loading of Bulk cargoes 
(c) Types of packages 

(d) Cleaning of packages 

(e) Filling of packages 


Under the Refining Code 
Plants handling dangerous chemicals 
Laboratories 

Filling liquefied petroleum gas into containers 
General refinery services 
Breathing and rescue apparatus 


Under the Production Code 
The drilling rig, erection, running, and dismantling 
Exploration and exploitation drilling 

Well control equipment 

Bringing into production 


It is hoped to make substantial progress with the production of these 
codes during 1952. 


PUBLICATIONS 
Journal 

During 1951, Volume 37 of the Journal was published and contained 
749 pages of transactions and 596 pages of abstracts, compared with 758 
and 611 pages respectively in 1950. 

The fifty-five original contributions which appeared in the transactions 
covered, on a broad basis of classification, the following subjects :— 


Field and production . ‘ 
Chemistry and physics . 2 


The number of abstracts published during 1951 was only slightly less 
than that for 1950, and the details under the various classifications are 
as follows :— 


Exploration and exploitation . 998 35-3 874 31-7 
Transport and storage . ‘ . 112 40 172 6-2 
Products. 805 28-4 837 30-3 
Corrosion. 58 2-0 110 3-9 
Engines and equipment . 131 4:6 126 46 
Safety precautions 39 1-4 37 1-3 
Miscellaneous ‘ 138 4-9 115 4-2 

Total . ‘ 2831 100-0 2762 100-0 
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In addition, the abstracts section contained critical reviews of twenty- 
eight new books and references to over 100 books and specifications added 
to the Library. 


IP Review 


In Volume 5 (1951) of the 7P Review, the number of pages was 460 com- 
pared with 416 in 1950, and this publication continues to rank high in 
popularity and is becoming widely known as a medium for the dissemina- 
tion of information and knowledge. While at the moment its format is 
limited by financial considerations, it is hoped that the time will not be 
far distant when its size can be increased and its lay-out improved. During 
the year, two special issues were published, one dealing with the World 
Petroleum Congress and the other with the opening of the new refinery at 
Fawley. 


Reviews of Petroleum Technology 


Volume 10 of this series covering the year 1948 was published early in 
1951, and the position regarding Volume 11 was such that it was nearly 
ready for publication at the end of the year. Difficulty is still being 
experienced in getting these volumes out without delay, but it is con- 
sidered important that the volumes should be reasonably complete before 
publication. There has been a decline in the demand for these annual 
reports—a matter which is being investigated. 


Other Publications 


The llth edition of Standard Methods for Testing Petroleum and its 
Products was issued in January, and a considerable amount of work was 
carried out in regard to the 12th edition, much of which is being re-written 
in a new standard format. 

The Proceedings of the Second Oil Shale and Cannel Coal Conference 
reached an advance stage during the year, and it was anticipated that 
publication would be made during January 1952. 

A small Glossary of Petroleum Terms was also published during 1951 and 
had a good reception. 

Other publications in hand are :— 


(1) Modern Petroleum Technology 

(2) Two volumes of ASTM/IP Tables for Oil Measurement 

(3) The Oil Measurement Manual 

(4) The report of the Mass Spectrometry Conference held in 1950. 


ResearcH Group No. 2 


Research Group No. 2, dealing with the biological relationships of Pet- 
roleum has been active during the year in respect, particularly, of its 
association with the Medical Research Council; and its participation in the 
preparation of a specification for non-biologically active lubricating oil 
for use in Mule Spinning. 
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Other biological problems concerning petroleum have come under con- 
sideration by the Group. 


STANDARDIZATION 


Improved agreement between ASTM and IP methods of test continues 
to be one of the main pre-occupations of the Committee, and meetings have 
been held with visiting ASTM representatives to discuss ASTM/IP co- 
operation. It has been agreed with ASTM that Standardization Com- 
mittee should be officially represented on ASTM Committee D-2 and vice- 
versa. The joint ASTM/IP Oil Measurement Tables are in the press, one 
it is hoped that they will be available before the end of 1952. 

During the year two new methods have been drafted, and ever 
revisions have been made in sixteen methods. Over one-half of the methods 
have been re-drafted to improve the presentation of precision limits and to 
give metric equivalents in addition to other units of measurement. Ad- 
ditional specifications have been drawn up for Celsius thermometers 
equivalent to existing Fahrenheit thermometers. These changes will be 
included in the 1952 edition of Standard Methods, and should increase the 
usefulness of the latter in other countries. 

In December Mr E. A. Evans who had been Chairman of the Stan- 
dardization Committee since 1947, retired from this office and Mr F. L. Gar- 
ton was nominated by Council to succeed him. Council wishes to place on 
record its appreciation of the services rendered to standardization by 
Mr Evans over the many years he has been associated with the Committee. 


FINANCE 


In spite of increased costs for the administration of the Institute, there 
was again a small surplus on the year’s accounts, thus further strengthening 
the Institute’s financial reserves. 

Income from members’ subscriptions was at £17,100, about £500 more 
than in 1950. This amount is evenly divided between income from Corpor- 
ate Members and from Member-Companies. 

Expenditure again rose by about £1400, as compared with the rise of 
nearly £2000 in 1950. Salaries and Pensions were up by over £700 due to 
staff salary adjustments and an increase by one in the size of the staff. 

The cost of printing, stationery, postages, telephone, travelling, and 
repairs went up by nearly £400. 

Items such as the support of the Branches, the cost of the Institute’s 
monthly meetings, and the re-stocking and development of the library were 
all higher in 1951 than in 1950. 

During the year the Finance Committee agreed to the allocation of £1000 
to an IP Research Fund for use in connexion with specific research 
projects approved by the IP Research Committee. So far this fund has 
not had any demands made upon it. 

Careful consideration was also given to the inauguration of a scheme for 
the payment of members’ subscriptions under a seven-year deed of covenant. 
This scheme has been approved by Council and will be launched when the 
necessary alterations have been made to the Articles and By-laws. 
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ACKNOWLEDGMENTS 


Once again the Council desires to record that it has been well served 
throughout the year by the permanent officials of the Institute, the General 
Secretary, the Editor and the Technical Secretary, and all members of the 
Staff. The successes which have been achieved are due in no small measure 
to the loyal service they have given in all aspects of the day-to-day work of 
the Institute under the leadership of the General Secretary. 

The Technical Secretary, Mr Peter Kerr, retired from the services of the 
Institute very shortly after the end of the year. Council has already 
officially recorded in its Minutes appreciation of the services rendered by 
_Mr Kerr to the Institute during the last six years. 


By Order of the Council, 
C. Cuitvers, Honorary Secretary. 


February 1952. 
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BALANCE SHEET AND ACCOUNTS, 
DECEMBER 31, 1951 


* 
: 
; 
. 
‘ 


THE INSTITUTE 
(A Company limited by Guarantee 
BALANCE SHEET as | 


CAPITAL AND RESERVES 


Capital of the Institute under Bye-Laws 36, 44, and 45 :— 
Membership Fund— 
As at December 31, 1950 
Entrance and Transfer Fees— 
As at December 31,1950. 5,898 10 9 
Add Receipts during 1951—- 
Entrance Fees 271 19 O 
Transfer Fees 3 3 0 


Profit on Sale of Investments 

As at December 31, 1950 
Donations— 

As at December 31, 1950 


T.C. J. Burgess Prize Fun 
General Reserve ecm Fe War Contingencies Reserve) 
Revenue Account :— 

As at December 31, 1950 

Add Surplus for year to date 


Subscriptions Received in Advance :— 
Members’ Subscriptions for 1952 
Members’ Subscriptions for 1953. 
Member Companies’ Subscriptions for 1952 
Journal Subscriptions for 1952 
Journal Subscriptions for 1953 


Current Liabilities :— 
Sundry Creditors and Accrued _——— 
World Petroleum Congress ‘ 
Entertainment Account— 
As at December 31, 1950. 
Deduct Excess of Expenditure over Receipts 
during year to date . 


3 
10,376 


Sum Set Aside for Grants to Branches and Students’ 
Section—unallocated 


P, SOUTHWELL, President. 
ti. Coxon, Hon. Treasurer. 


£23,389 £24,167 18 1 
— 


AUDITORS’ REPORT TO THE MEMBERS \ 


We have examined the above Balance Sheet and annexed Revenne Account and report that we have 
for the purposes of our audit. In our opinion proper books of account have been kept by the Institute, so 
agreement with the books of account. In our opinion, and to the best of our information and according to 

~ and the Balance Sheet gives a true and fair view of the state of the Institute's affairs at 
We have accepted a Certificate from the Institute’s Bankers for the Securities held by them / 


ae Ou BroaD STREET, LONDON, E.C. 2. 
March 31, 1952. 


1950 

£ £ a. d. £ 4a. d, 

o: 939 939 6 6 

5,899 6,173 12 9 

7,422 7,007 3 7 

5 5 0 0} 
1,702 1,702 011 
— 8,463 19 3 

1,912 2 
| 

| . 11510 0 

— 2,700 2511 8 
— 
400 3 11 

| 83 3 9 

2,986 1,766 6 5) 


and not having a Share Capital) 
t DEcEMBER 31, 1951 


1950 
£ 


5,166 
2,256 


4,975 


1,184 


1,698 


1,998 
275 


1,478 
199 


3,660 


500 


7,422 


13,581 


£23,389 


Frxep Assets 


Investments :— 
On Account of Capital, at cost— 


£525 0 0 3% Savings Bonds, 1955/65 525 0 0 
867 8 6 2}% Bristol Corporation Redeemable Stock, 
1955/65. 845 17 7 
150 0 0 3% Smethwick Corporation Redeemable Stock, 
1956/58. 151 4 9 
150 0 0 3% Luton Corporation Redeemable Stock, 1958 151 6 7 
806 8 3 3% Manchester Corporation Redeemable Con- 
solidated Stock, 1958 . 845 17 7 
600 0 0 3% Bristol Corporation Redeemable ‘Stock, 
1958/63. 597 7 3 
664 6 6 3% London County Consolidated Stock, 1920 481 10 6 
400 0 0 3% Metropolitan Water Board ‘A’ Stock, 
1963. - 34610 7 
193 0 0 3% British Gas Guaranteed Stock, 1990 /95 . 154 8 6 
156 9 8 3% British Transport Guaranteed —— 
1978/88. ‘ F 105 4 9 
461 0 0 24% Funding Loan, 1956/61 » 
500 0 0 Defence Bonds. ‘ 600 0 0 
——— 5, 166 3 7 
(Market Value at December 31, 1951, £4,752.) 
Cash on Deposit with Post Office Savings Bank . ‘ ‘ 2,531 0 0 
7,697 3 7 
On Account of Revenue, at cost— 
942 2 93% Savings Bonds, 1955/65. . 2,975 0 
2,000 0 0 3% Savings Bonds, 1960/70. 2,000 0 
4,975 0 0 


(Market Value at December 31, 1951, £4,449.) 
Office and Library Furniture at cost, less amounts 


written off :— 
As at December 31, 1950 . 1,183 15 6 
Add Additions, less Sales, during 1951 ° ‘ : . 499 9 6 
56 0 
Less Depreciation provided for year to date 6 6 


1,514 18 6 


14,187 2 
Current Assets :— 
Stock of Publications in hand as certified by the Gen. Sec. 1,857 
Sundry Debtors and in Income 
Tax recoverable . - 1,718 3 9 
Subscriptions in arrear (not valued) . 
Cash on Deposit with Post Office Bank— £ d. 


General Account . ° ‘ 1,402 2 6 
World Petroleum Congress ‘ ‘ ‘ 9719 1 
——_—— 1,500 1 7 
Cash at Bank-—— 
Current Account . 4,087 ll 6 
Entertainment Account ‘ 317 0 32 
4,404 il 8 
Cash in hand . . 600 


£24,167 18 1 


OF THE INSTITUTE OF PETROLEUM 


obtained all the information and explanations which to a A best of our knowledge and belief were n 


far as appears 
the explanations given to us, the accounts give the » he uired by the Companies Act, 1948, in in the 
December 31, 1951, and _ Revenue Account gives a true and view of the revenue for the year ended 


on behalf of the Institute 


ecessary 
from our examination of those books. he i ~F Sheet and Revenue Account are in 


GraHaMs, RINTOUL, Hay, BELL & Co., 
Chartered Accountants, Auditors. 


PETROLEUM 
an 
ij 
pe 
ag 
9,080 16 0 


THE INSTITUTE 
(A Company limited by Guarantee 
REVENUE ACCOUNT ror THE 


£ 
To Administrative Expenses :— 
Staff Salaries and National Insurance . 8,747 
Staff Pension Scheme Contributions : 654 


9,401 
Less Applicable to Publications 


Printing and Stationery 

Telephones, Cables, and Travelling 

Audit Fee 

Legal Fees 

General Expenses 

Insurance 


Establishment Expenses :— 
Rent . 
Cleaning, Lighting and Heating 
Repairs and Maintenance. 


3,011 
Less Applicable to Publications—one- 
fourth . 752 


Meetings :— 
Hire of Hall, Pre-Prints, Reporting, etc. 
British National Committee—World 
Petroleum Conference . 
Grants to Branches and Students’ 
Sections :— 
Scottish Branch . 
Northern Branch. 
London Branch 
Stanlow Branch . 
Trinidad Branch . 
Fawley Branch . 
South Wales Branch 
Birmingham Section 


~ 
~ 


Sundries :— 
Library Expenses 
Subscriptions to Societies 
Scholarship Awards . 
Depreciation of Furniture (10%) . 


Publications Revenue Account—Deficit 
for year 
Balance peing Surplus Revenue for Year 


& 

1950 

7,935 15 4 

738 0 0 

8,673 15 4 

— 2,768 7 10 

— 5,905 6,173 7 6 

— 799 867 0 10 i 

501 617 13 6 
vi ig 220 378 8 10 

73 73 10 0 

64 9 0 

248 266 6 3 
27 2617 9 

4 

ol 4 79 
| 607” 508 13 5 
40 

105 
75 
25 
20 
20 
i 500 500 0 0 
. 91715 6 
100 0 0 
1,172 i 
2,353” 3,475 17 3 
2,783 1,912 2 3 i 
£17,418 £17,637 0 0 


OF PETROLEUM 
and not having a Share Capital) 
YEAR ENDED DEcEMBER 31, 1951. 


1950 
£ 
8,171 
99 
8,362 
20 
357 


124 
85 


200 


By Members’ Subscriptions received for 1951 
.. Members’ Subscriptions in Arrear, received during 
year . 
Member- Company Subscriptions received for 1951 
Special Subscription ‘ 
Interest and Dividends received (Gross) 
Repayment of Income Tax deducted from Interest on 
Investments in previous years ' 
Provision for Income Tax payable no longer required ‘ 
, Share of surplus from sale of Publication ——— aie 
Joint Conference with Institute of Fuel . 


£17,637 0 0O 


=> — 
8,612 0 6 | 
188 0 6 as 
8,418 2 6 
20 0 0 
} 398 16 6 
| 
: 
3 
ty 
£17,418 
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GIBSON, C.B.E., M.A., M.I.Mech.E., F.Inst.Pet. 


PRESIDENT 1952 


INSTITUTE OF PETROLEUM 


THIRTY-NINTH ANNUAL GENERAL MEETING 


Tue Thirty-ninth Annual General Meeting of the Institute of Petroleum 
was held at the Institution of Mechanical Engineers, London, 8.W.1, on 
April 24, 1952. Mr C. A. P. Southwell, M.C., B.Sc., F.G.S., presided. 

The notice convening the meeting was read by the General Secretary, and 
the minutes of the Thirty-eighth Annual General Meeting were read, 
confirmed, and signed by the President. 


ELECTION OF OFFICERS FOR THE SESSION 1952-53 
President 


C. A. P. SourHwe t said he had very much pleasure in putting forward, 
on behalf of the Council, the nomination of Mr H. 8. Gibson, C.B.E., M.A., 
M.I.Mech.E., as president for the next session. 

W.S. Aur? seconded the nomination, which was put to the meeting and 
confirmed with acclamation. 


Vice-Presidents 
The PREsIDENT then announced the Council nominations for vice- 
presidents for three years as follows :— 
H. Hyams 


H. E. F. Pracy 
R. B. Southall 


On the proposal of A. J. GoopreLLow, seconded by Dr E. B. Evans, the 
meeting unanimously confirmed these nominations. 


Council 


The PresIpEntT declared the result of the ballot for ten vacancies on the 
Council as follows :— 
V. Biske E. C. Masterson 
C. D. Brewer J. A. Oriel 
E. J. Dunstan J.S. Parker 


F. L. Garton A. R. Stark 
A. J. Goodfellow W. H. Thomas 


Honorary Treasurer 


W. S. Autt: I propose that Mr G. H. Coxon be re-elected as Honorary 
Treasurer for the next session, and I also take this opportunity of thanking 
him on behalf of the members of the Institute for the care with which he has 
guarded the finances of the Institute over the previous years in which he has 
held office as Honorary Treasurer. I am sure we are all extremely grateful 
to him. 


573 
\ 
x 
q 
Aw 
2 


574 THIRTY-NINTH ANNUAL GENERAL MEETING 


Dr E. A. Evans, seconding, said he would like fully to associate himself 
with the proposer’s remarks. 

The election of Mr G. H. Coxon as Honorary Treasurer was carried 
unanimously. 


Honorary Secretary 


H. Hyams: I have great pleasure in putting forward Mr C. Chilvers as 
Honorary Secretary for the ensuing year and of taking the opportunity to 
say to him, “ Thank you very much for your work in the past years.” The 
standing of the Institute is in no small measure due to the service which 
Mr Chilvers has devoted to it. 

F. L. Garton seconded the proposition, which was carried unanimously. 


Ex-officio Members of Council 


THE PRESIDENT said that the following had been nominated as ex- 
officio members of Council to represent Branches for the years 1952/53 :— 


H. H. Ballard Northern Branch 
J.C. Crag Stanlow Branch 
A. W. Deller London Branch 
E. J. Horley S. Wales Branch 
I. McCallum Fawley Branch 
W. Stirling Scottish Branch 


D. L. SaMvEL proposed that the nominations be accepted, G. H. Toorn- 
LEY seconded, and they were approved unanimously. 


MemBeERS ELECTED OR TRANSFERRED 


The lists of Honorary Members, Honorary Fellows, Associate Members, 
Associate Fellows, Student Members, and Member-Companies elected or 
transferred during the year was presented and tabled. 


Report or Counci, AND AccoUNTS 


THE CHAIRMAN, proposing the adoption of the Annual Report for the year 
ended 31 December, 1951, said : The membership shows a net increase of 
113 on the previous year. 

The World Petroleum Congress, which was held during 1951, was ex- 
tremely well organized and highly successful. We had a very strong 
Institute representation. 

Two major awards were made during the year, and we were very pleased 
that Dr Robert Wilson was able to come here from America to receive the 
Cadman Medal and also to award the Redwood Medal to Professor F. H. 

rarner. 

Our branches are growing stronger and stronger each year, the number of 
our publications is increasing, and close co-operation is being established 
with the oil industry. On standardization real progress has been made in 
the international field in regard to the correlation of British and American 
methods of test. With regard to finance, a small surplus has resulted from 
the year’s working, and the unfailing financial support of our Member- 
Companies is greatly appreciated. 
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On the proposition of H. C. Terr, seconded by H. C. Lack, the Annual 
Report was received and adopted. 

THE CuarRMAN : [| will now call on our Honorary Treasurer to present the 
Accounts. 

G. H. Coxon: Thank you very much for again electing me as your 
treasurer. It is very easy to present the accounts when there is a balance 
on the right side. This year our capital has increased by about £1000, and 
that in spite of the fact that costs are continually rising. On the capital 
side, in common with all other societies which have gilt-edged funds, there 
has been a decrease in intrinsic value. They are down by about £600. On 
the revenue side we must express a note of gratification at what the 
Member-Companies are doing in keeping up their subscriptions. It has 
allowed us to reach a state where the increase in income over expenses is 
about £1900. In the face of rising costs the Institute has done excellent 
work, and a very great deal of this success is due to Mr Hyams and his 
Finance Committee. One item you might criticize is the Publications 
Account, but this is neither more nor less than a book-keeping account. 
It gets no credit for the value of the publications in so far as they reflect the 
return on members’ subscriptions. It should have some credit given to it 
for the work it does of building up the Institute. I have very great pleasure 
in presenting these accounts, and will do my best to answer any comment. 

There being no comments, the chairman called on T. DEwHuRsT to 
propose the adoption of the accounts. 

T. Dewnurst : I think the Treasurer’s figures are very satisfactory and 
that you are very fortunate in having your accounts in such competent 
hands. I formally propose that the accounts for 1951 be received and 
adopted. 

Proressor F. Morton seconded, and the accounts were adopted without 
dissent. 


APPOINTMENT OF AUDITORS 


H. Hyams proposed the re-appointment of the Auditors, Messrs Grahams, 
Rintoul, Hay, Bell & Co., and Proressor F. Morton seconded the motion, 
which was carried unanimously. 


OTHER BusINEss 


THE CHarRMAN : [ shall very shortly be vacating this presidential chair, 
and I should like to express my personal thanks, and on behalf of the 
Institute, to our General Secretary, Mr D. A. Hough, for the work he has 
done for us in the Institute during this past year. We have been very well 
served, and no one appreciates more than the President whether a society 
or institute is being well served by the staff. I should also like to say 
how much we appreciate the work which Mr George Sell has done for us. 
He has a very great deal to do in getting material for our publications 
and producing them at the right time, and that sterling work I should like 
to put on record. I should further like to say how much we appreciate the 
work of Mr Peter Kerr in connexion with the technical reports for the 
Institute. And now I should like to refer to our honorary officers, 
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particularly to the work of Mr C. Chilvers, honorary secretary. He 
should share in any credit which has been given for the progress made 
by the Institute during the year, and it is only the officers who can fully 
appreciate how much he has done for us. 

After an interval for tea the meeting re-assembled, and Mr Southwell then 
delivered his presidential address. 


PRESIDENTIAL ADDRESS 
By C. A. P. M.C., B.Sc. 


Lrrrue did I think two years ago that I would be the first of your presidents 
to give you the Loyal Toast to a Queen. To-day, on the threshold of a new 
reign, our interest looks forward, and our loyalties to the Crown, which have 
never been stronger, urge us to play our fullest part in helping to make 
this reign, the new Elizabethan era, a great one in our history. The part 
which the Institute of Petroleum will play will be well looked after by 
your new President, who it will shortly be my privilege to induct into the 
Chair. 

During the past few years scientific advance in the field of petroleum 
technology has been very substantial. 

In three main lines of scientific research—the means of discovering oil, 
improvement in methods of recovery from oil reservoirs, and the uses to 
which petroleum can be put in the service of mankind—the world has 
acquired much new knowledge. 

This knowledge has been harnessed by an industry which is very con- 
scious of its twin responsibilities of supplying the needs of an oil-thirsty 
world and of conserving a wasting asset by the careful application of 
scientific knowledge and principle. Now, as the oil age advances and the 
scale of the petroleum industry’s operations increases, the importance of 
what are commonly referred to as proved and semi-proved reserves becomes 
correspondingly greater. And since the discovery of new and sizable 
deposits in places where economic recovery is possible is increasing in 
difficulty and decreasing in frequency, the question of securing the maxi- 
mum recovery from known reserves becomes of more and more consequence. 

But, as we know only too well, the recovery of petroleum from known 
deposits is not always a purely scientific or technical problem. Indeed, it is 
probably no exaggeration to say that in the present era of rapid evolution in 
the social, economic, and political fields, a considerable proportion of the 
world’s oil supply, and particularly that for this country and Europe, 
depends more on social and psychological factors and their effect on political 
stability than it does on the technical business of producing, transporting, 
and refining petroleum when found. 

The Middle East, including Kuwait, to which area I shall refer later, con- 
tributes 16-2 per cent of the world’s petroleum and 88 per cent of the 
petroleum required by Western Europe. Viewed economically, this vitally 
important source of petroleum presents a picture of widely separated 
islands of great prosperity set in a sea of comparative poverty. With few 
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exceptions, these islands of prosperity are the oilfields. They stand out in 
sharp relief against a somewhat drab background. They are, in con- 
sequence, the focus of attention—whether they like it or not. 

Economically they often represent the main source of revenue from which 
to finance, not simply the day-to-day administration of government, but 
the various schemes and projects needed to raise the general standard of 
living in the countries concerned. Socially they are points in the Middle 
East where East and West meet, at work and, more important still, at leisure 
—the points where inevitably the forces of change often have a local origin. 
Politically they are exposed to the eddies and swirls of nationalism and the 
dangers of xenophobia born of the tensions which the forces of too rapid 
social change create. It is all too clear—but not always perceived either 
by governments or by the “ man-in-the-street ’’—that the petroleum 
industry often has to bear responsibilities as heavy as they are unique in 
modern industrial enterprise. For, in these perplexing days, the technical 
aspects of petroleum, complex as they are, often seem simple to the manage- 
ment when compared with the less tangible and more complex questions of 
human relationship in all their varied aspects. 

For, whether we like it or not, oil companies operating on a large scale in 
areas less developed technologically have a significance far beyond the 
purpose for which they exist. It is one of the great trends of modern his- 
tory that the groupings of mankind are becoming larger and larger and, for 
good or evil, more and more powerful. To-day there are two. The people 
of the Middle East have not so far fallen in fully with either of the two 
groups, and it may well be that the cradle of civilization will play a great 
part in tipping the scales. 

Oil companies in the Middle East, representing as they do not only the 
economic organization of the West through which its strength is derived, 
but also the western industrial society, are the sources from which many of 
these peoples draw their conclusions about the West—conclusions upon 
which they may eventually base their choice. Those of the West who serve 
in these areas must be especially conscious of this—particularly of the 
fateful role which the Arab people may have to play in deciding the issue 
of the survival of individual liberty, the greatest issue of our age, the issue 
which, as President Truman has said, will be fought out in the minds of men. 

Those of us who share the responsibilities of which I am speaking have 
before them the fact that change in the social structures amongst people 
with whom their enterprises are associated is occurring at a very rapid pace, 
and that, however much they may desire it, there is little they can do to 
control this pace. Yet they know that there is a limit to the degree of 
change which human minds can absorb, and that to exceed this limit is 
dangerous. They recognize, too, that in return for the oil it needs, the West 
owes more than just cash. It is not sufficient just to wish them well. It 
has a moral responsibility. It must offer the hand of friendship and 
assistance towards the peoples of these lands in their process of developing 
into modern societies. The general well-being of the people concerned is 
indeed part of the quid pro quo, yet we in the oil industry can only take the 
part assigned to us. 

In these circumstances it is as well to try to discern what it is that Arab 
civilization is aiming to achieve. In doing so we should ignore the objectives 
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of the extremists—whether traditionalists or progressive—and consider the 
aims of the great majority of Arab thinkers who see ‘“ good ”’ in their own as 
well as in western civilization. These aims are surely—as has been expressed 
recently—to preserve and enrich the Arab heritage ; to live in a modern world 
on an equal footing with other peoples; to contribute to its civilization 
without being forced to break completely with the past; and to reorganize 
social and economic structures by a process of controlled and discriminate 
westernization. Since petroleum plays so important a role in the life of 
the Arab countries, it is of vital importance that these aims should be 
recognized and understood amongst all who make petroleum available to 
the world. 

The petroleum industry must continue to keep ever before it the im- 
portance of developing what we may term “ social skill ”’ just as much as 
the technical skill for which it has a justly high reputation. The im- 
portance, in the present epoch of rapid change, of a real understanding of 
the social and psychological factors in this area of vital, economic, and 
strategic importance cannot be over-stressed. We and the whole of Europe 
are particularly dependent on oil from this area. 

Now social skill has a mechanical or, if you like, a technical side to it. 
I refer to the creation of the physical means of contented living—fair scales 
of pay, facilities for social activities, housing, hospitals, and clinics. Others 
come readily to mind, and we have a magnificent example in the early 
pioneer work and expert development by the Anglo-Iranian Oil Company. 

The conquest of malnutrition and disease and their replacement by 
better physical conditions of life is not enough in itself. For the technical 
skill of the West does not damp national aspirations or lessen the hopes of a 
new and great future, but rather tends to promote aspiration through the 
realization of what technological ‘‘ know how” can do. Association with 
the West is still generally accepted as essential, since it possesses this 
“know how.” But the ambition is to make up lost ground—for lost 
ground it is to those whose knowledge of Arab history reminds them 
of former times of cultural brilliance which dazzled the world and of how 
this was followed by a static period of dogmatic theology which submerged 
rationalism. It is not only the mechanical side of social skill which matters 
but also—and perhaps of even greater importance—its psychological aspect, 
covering indeed much of the field of human relations. Unless the psycho- 
logical treatment of the mechanical side of social skill is sound, the harmony 
and understanding—in short, industrial tranquillity on which so much 
depends—will not be forthcoming. 

One of the main purposes of applying social or psychological skill in 
oilfield areas is the elimination of race-consciousness amongst the various 
communities employed there by the substitution of job consciousness based 
on the idea of co-operation in the common application to a vital task. It is 
unfortunately only too true that race-consciousness is also felt and felt 
strongly by English-speaking peoples. It was Renier, a shrewd observer, 
who said he found the English a very strange and puzzling people, but with 
perseverance he grew to understand them and even to like them. No, we 
have not been good mixers and have much to account for in the problem 
of racial intolerance. 

The importance of overcoming racial barriers through knowledge and 
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understanding needs no emphasis from me. It is, however, unfortunately 
true that rapid developments, such as Kuwait, entail the segregation of 
groups of technical experts, so busy with their task, thus tending towards a 
degree of isolationism amongst the western groups. The reduction of this 
isolationism is a matter of supreme importance. 

In the application of social skill perhaps there is nothing more important 
than the need for reducing to a minimum those things which unduly 
emphasize the ‘ foreignness ” of oil enterprises. And there can be nothing 
that does this more than language. 

John Locke, in his essay concerning human understanding, says of 
language, ‘‘ God, having designed man for a sociable creature, made him 
not only with an inclination and under a necessity to have fellowship with 
those of his own kind, but furnished him also with language, which was to 
be the great instrument and common tie of society.” 

But how much more often is language a barrier rather than a tie?’ How 
strongly do we, the English-speaking Westerners who so lamentably fail in 
this respect, feel that a foreigner is so much more civilized, so much less 
strange, so much more entitled to be amongst us if he speaks our own langu- 
age. It is surely wrong to suppose that others think differently, especially 
those who regard their language as recorded in the Quran as the word of 
God—the verba veritissima. 

It is not, I feel sure, that the English-speaking Westerner has any 
fundamental defect that makes languages any more difficult for him—at 
least I like to think so—but that his attitude of mind towards them is 
defective. He is apt to forget that on the Continent people, whether 
president or peasant, manager or technician, are conditioned from child- 
hood to the practical necessity of being able to get along in a variety of 
languages. To suppose that ability to speak a foreign language is only for 
the gifted few is nonsense, and here I should like to suggest that manage- 
ment should ensure that adequate time and facilities are provided to achieve 
this desired end. 

The matter of language, whilst of very great importance, is only one 
factor in the employment of social skill. In these Arab countries before the 
advent of oil the inhabitants were relatively poor in the material sense, and 
under the extreme climatic conditions their life was indeed a hard one. 
They were used to a way of life in which religion predominated and material 
factors were of secondary importance. They were spiritually happy and 
contented. Social changes were, of course, taking place but slowly so as to 
be hardly perceptible. 

Now progress is rapid, its acceleration very great; such circumstances 
require great understanding on both sides—understanding which can be 
achieved only by friendships between the expert element from the West and 
the Arab himself. I am glad to say that very many true friendships exist 
in Kuwait and in other areas, but to maintain these and to increase them it is 
necessary to appreciate that the emphasis to-day is on the assessment by the 
Arab of the civilization of the West; and to preserve an understanding it is 
necessary to appreciate the Arab viewpoint, his keen sense of propriety, and, 
above all, the importance he attaches to dignity and politeness. 

Kuwait is fortunate in the presence there of one of the wise men of our 
generation. A Shaikh with vision who is planning for his people with the 
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ample means now at his disposal. There will be many newcomers from 
the West assisting in the State development, and it is desirable that all 
concerned should appreciate fully the background of their problems. So 
long as the West can always provide first-class men there is every likelihood 
of both Governments and people concerned accepting them. 

In view of the rapidity of its oil development, Kuwait has been the sub- 
ject of numerous articles and Jetters in the world Press. Some who write 
these articles after very brief visits bring into relief aspects which do not 
present a balanced picture of the changes taking place, nordothey give proper 
credit for the great co-operative effort of the Arab, or of the great develop- 
ments being undertaken by the State. I feel that some thought should be 
given by those concerned to this important aspect of publicity lest it give 
cause for misunderstanding. 

I hope that you will excuse me for the length of time I have occupied on 
matters outside the technical sphere with which our Institute is mainly 
concerned, but I regard these as of very great importance. 

I wish now to turn to some more technical aspects of the Kuwait develop- 
ment which may be of interest to those engaged in similar problems else- 
where, particularly the improvisations which were necessary in the early 
stages. 

Many of the technical details of the installations have already been the 
subject of papers before this Institute, the Institution of Civil Engineers, 
and other technical and scientific bodies. 

In 1946 the technical planning of this large oil project did not present any 
great difficulties for the reason that it could be designed without the com- 
plication of having to tie it in to any existing facilities, and the fullest 
advantage could therefore be taken of experience already gained in Britain, 
in America, and in the Middle East. 

The complete absence of local resources, however, made it necessary to plan 
not only for the oil development but also for every requirement of modern 
life. The implementing of the programme presented many difficulties, 
as water, food, accommodation, materials, and skilled labour were non- 
existent when the project started. 

Planning had to be divided into three main divisions. First, the 
provision of water, food, accommodation, amenities, and other services for 
the large numbers introduced into the barren desert area. 

Secondly, the installation of temporary oil facilities pending the arrival 
of materials for the permanent scheme. 

Thirdly, the permanent oil scheme comprising oilfield installations, tank 
farm, oil docks, small refinery, industrial area, and a township. 

Both in the first and second group recourse had to be had to a great deal 
of improvisation, and materials were obtained from unusual sources of 
supply owing to shortages in the immediate post-war years. Work, of 
course, proceeded on all three simultaneously. 

Although development on a small scale was in progress in 1946, the major 
programme did not start until the spring of 1947, five years ago. In 
March 1947 the labour force was less than 2000, and practically no British 
or American contractor assistance had arrived. ‘Two years later the total 
labour force had risen to 15,000, of whom, in addition to Arabs, 2000 were 
skilled British and American and 4000 skilled Indians and Pakistanis. 
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The problem faced by the management in supplying such a rapidly 
expanding skilled labour force, largely foreign to the country owing to 
the relatively small numbers available locally, with water, food, and 
accommodation, was one to alarm the most stout-hearted, and it will 
be obvious that the first efforts were directed to supplying their essential 
needs. 

In an area devoid of potable water, and with summer heat of great 
severity, it was of vital importance to make adequate provision for a supply 
of water. 

When work first started the only source of drinking-water in Kuwait was 
an imported supply brought in by sailing-dhows from the Shatt-el-Arab a 
hundred miles to the north, and the local authorities, limited as their 
supply was, came to our aid in the first few months. An immediate im- 
provisation by the conversion of a tank-landing craft into a water-boat, 
increased the supply, until a number of small tankers, each of around 1000 
tons capacity, purchased from as far afield as Singapore, had arrived. These 
tankers were put into the Shatt-el-Arab service. Dolphins were con- 
structed on the south side of Kuwait Bay, and pipelines laid to the shore. 
By this means water could be pumped into temporary earth settling 
tanks to deal with bilharzia, and then chlorinated. The water system from 
this point consisted of 6-inch steel pipe with flexible couplings, a thin-wall 
pipe obtained from war disposals in Europe. Pumps could only be ob- 
tained quickly from second-hand sources, and fortunately the Pluto 
scheme pumps were in the market. These were shipped and quickly 
put into operation, and are still in use. Later, the small tankers were 
assisted by a 10,000-ton tanker to which the small tankers provided a 
shuttle-service from deep-water anchorage to the shore. Two second-hand 
Lancashire boilers were installed on the coast near where work had started, 
as a temporary sea-water distillation unit—an emergency provision in 
case of failure at any time in the Shatt-el-Arab supply. 

In the meantime engineering and ordering of a large distillation plant 
proceeded for the permanent scheme. This, the largest in the world, has 
been in successful operation for over two years, and provides 700,000 gallons 
of water a day. A larger unit is now under construction by the State for 
their needs in Kuwait town. The country had been tested previously for 
good water by an extensive geological and test drilling programme. No 
suitable drinking-water had been found, but adequate supplies of brackish 
water suitable for drilling, sanitation, and fire-fighting were made available. 
To bring the wells into use quickly immediate improvisation took place, 
portable compressors for air lift—even gas lift where gas was available, 
pending the arrival of electro-submersible pumps now installed in the 
permanent scheme. 

The problem of feeding the numbers involved when every item of food 
had to be imported was a difficult one; difficulties were increased by the 
varying needs of the different nationalities. From the beginning the 
policy of providing adequate quantities of the best food was followed, 
and supplies of meat, dairy products, fruit juices, and groceries of all 
descriptions were shipped from many sources, such as Australia, the 
Continent, Britain, and certain special needs from the United States. As 
is well known, every item of equipment was in short supply. Fortunately 
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the Exhibition in Glasgow provided an immediate supply of second-hand 
catering equipment until the permanent equipment arrived. 

A 1000-mile “ air lift’ for fresh vegetables was established to Syria and 
the Lebanon. Costly though this method is, it reduces wastage to the 
minimum, gives an easily controlled and regular supply, and reduces the 
amount of refrigeration required. I will not go into the quantities of 
fresh food, but at the peak some 10,000 eggs a day were required. 

Accommodation for the large number of employees had to be handled in 
three stages, viz., temporary, semi-permanent, and permanent, and all 
three stages proceeded simultaneously. Whilst tents from India provided 
the greater part of the accommodation in the early stages, practically 
every kind of war-time emergency accommodation was put into use. 
Romney and Nissen huts, pre-fabricated houses—Arcons from Britain, 
aluminium houses from America, wooden houses from Sweden, and Ministry 
of Works standard hut components from Britain; the latter, developed in 
Britain owing to the steel shortage, had to be specially packed for shipment 
and gave a far smaller percentage of breakage than had been anticipated. 
The permanent housing largely followed conventional practice of imported 
brick and locally made concrete blocks, with the exception of the Situfoam 
method used for labour housing. 

As far as possible, all temporary accommodation other than the readily 
removable tents was located to fit into the final town planning and services 
scheme. All salvage, particularly steel, was used up on permanent work as 
it became available. As an example, the second-hand rails used as a 
track for landing the submarine lines later found their way into the per- 
manent housing as steel roofing beams. 

The British and American contractors working on this programme en- 
tered into the spirit of improvisation and gave us remarkable service. 
This was particularly noticeable with the scheme of winter working parties 
transported by air complete with all working equipment, messing, and wel- 
fare requirements. The largest party of this kind totalled 400 good men 
from Britain, and fully justified the experiment. The worst three months 
of the summer were avoided, and this period enabled the permanent staff 
to have a close season to plan and have the programme, including founda- 
tions, laid out ready for the next season’s work. By this means, power- 
plants, large sea-water pumping-stations, and other industrial buildings were 
built with the minimum of delay, and it assisted in avoiding the confusion 
which would have arisen if such a large programme had been continued 
without a break in any part of it. 

With a desert area on which to develop, the planning was not restricted 
in any way, and a bold conception was agreed upon. The final network of 
services being laid out so that future expansions could come within the 
service layout. Here again considerable improvisation pending the 
permanent scheme had to be resorted to. This applied particularly to the 
electrical services. Whilst the main power-station, a 20,000-kW unit, 
transmission line, and transformer station were being engineered and 
ordered, a large number of small generator stations equipped with skid- 
mounted generator sets were installed. Most of these were from war-time 
disposals, being 50- to 80-kW sets, later to be augmented by skid-mounted 
500-kW sets all sited near the principal point of consumption. Right 
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at the beginning of the programme we were fortunate in being able to 
purchase from West Bromwich a 4000-kW Fullager power-station which 
had been erected as a wartime reserve and was not required. This was 
taken down, packed, and re-assembled in Kuwait to provide a power- 
station until the main unit was installed. Considerable improvisation 
took place in the power- and lighting-load transmitters. Overhead wires 
with light type improvised poles were used, and the same improvisation 
applied to the earliest telephone system, which was of the army field type 
with manual exchanges. 

One of the main planning problems was to ensure that the right materials 
came forward in the right order, and whilst considerable success was 
achieved, it is quite obvious that it was impossible to avoid completely 
delay in arrival of some of the key items. Cargo handling, however, pro- 
vided a real problem. No modern port facilities were available, and the 
only jetty in Kuwait was a small concrete structure which dried out at low 
tide. This jetty was extended into deeper water, but still only deep enough 
for barges. Freighters bringing the materials had to anchor near the en- 
trance to Kuwait Bay 5 miles away, owing to sandbars. There materials 
were off-loaded into shallow-draught craft of improvised type, ex-U.S. 
Army flat-topped barges which had been assembled on the beaches. As 
tugs were not available, ex-naval mine-sweepers and HDML’s were brought 
into service as towing craft. 

A major problem was the unloading of the infinite variety of size, weight, 
and shape of material out of the barge on to the small jetty. This was 
undertaken by the use of mobile cranes used in construction work which 
were put into this service. I might add here that cranes, and other mobile 
plant, all in short supply then, were procured wherever they were available, 
irrespective of their particular suitability for the work contemplated. 
This necessitated much ingenuity in adapting construction methods to suit 
the machinery available. The tonnages of materials handled in this way are 
quite remarkable, increasing in 1947 from 50,000 tons to 198,000 tons in 
1948, continuing through in 1949 at a figure just below the 1948 figure. 
Up to the end of 1949 all the cargo had to be discharged over the small 
jetty, and work proceeded day and night. This resulted in the building 
up of a cargo‘dump in the desert area adjacent to the jetty, which for a short 
time contained 80,000 tons of materials awaiting road haulage to the scene 
of development some 20 to 25 miles across the desert to the south. 

At only one time was there a real crisis in the clearing of this small jetty, 
and this was overcome by flying out six tractors in a special plane from 
London, and these were thrown into the haulage problem within forty- 
eight hours of the difficulty arising. 

The transportation of the material to the site in the early part of the 
programme was undertaken by Company vehicles, consisting of army- 
disposal vehicles; in the majority of cases their design being well suited to 
the desert conditions. 

It will be appreciated that there had not been time to build permanent 
roads, and considerable improvisation took place in making the temporary 
roads in the desert stand up to the volume of heavy transport. In one 
case a considerable mileage was maintained by covering the graded 
sand surface with a layer of clay, running a temporary sea-water line along 
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the side of the road and watering with sprinklers from this line every day. 
It was remarkably successful. 

The industrial-area layout, consisting of various buildings, workshops, 
power generation and distribution, bakeries, flour mills, oxygen plants, 
laundries, ice plants, etc., had to be the subject of special investigation 
owing to the long delivery dates for the steel framing for the specially 
designed buildings. A small team of engineering expediters dealt with 
this problem, and it was overcome by the purchase, in Britain and from as 
far afield as Africa and the Far East, of wartime hangars then in disuse. Of 
these, the largest is the main stores building purchased from war disposals 
in Britain. A hangar from Windsor Great Park, re-erected in Kuwait, pro- 
vided by May 1949 a floor area of 40,000 super feet as store space for the 
most important and vital items of the construction and operating pro- 
gramme. Many other buildings, mainly hangars from war disposals, were 
dismantled by contractors and re-erected in Kuwait. 

On this basis, although work had started only in the spring of 1947, 
approximately fifty buildings were ready for commissioning by the autumn 
of 1948. 

Shortage of steel necessitated every avenue being explored and the pur- 
chase of second-hand material which would not otherwise have been used. 
It is quite remarkable how many of these improvised materials have be- 
come part of the permanent scheme and are proving entirely satisfactory for 
our needs. 

In regard to the development of oil production, transportation, storage, 
and shipment, the plan followed was largely a conventional one. There 
were some new factors introduced which have been reported in technical 
papers. The problem here was the larger one of providing skilled man- 
power and of material supplies, and to meet long deliveries for the per- 
manent installations the programme was staged so that temporary facilities 
could be incorporated as soon as possible, facilities which could remain as 
part of the final scheme or be replaced later as experience dictated. 

I might refer to the first temporary gathering centre, which made use of 
small vertical separators readily available in the United States, pending the 
arrival of the permanent horizontal separators engineered for the final 
scheme, and also to the oil-pumps for pumping the oil away from the central 
gathering centre to the main tanks. In this case the standard slush pumps 
used for drilling and driven by diesel engines developed during the war for 
tanks and marine craft provided the solution to long delivery for the per- 
manent installations. Small-size sea-loading lines were later replaced by 
the large oil dock. In every part of the oil programme similar contrasts 
occurred, with the exception of drilling for which the most modern equip- 
ment, designed for rapid movement in the desert, was used. 

It has been my intention this evening to confine my remarks to some of 
the problems facing oil companies in overseas developments, of which 
Kuwait is an example, and to illustrate the burden which is placed, both on 
the management and skilled men sent overseas to undertake a major pro- 
ject of this kind. At the same time to stimulate members of this Institute 
in giving some thought, should the need arise, to possible improvisations and 
to the use of substitute materials, and also to illustrate the great contrasts 
between the early and later stages of a major development of this kind. 
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Earlier in my address I have stressed the need for friendship and under- 
standing and the need for the West to develop social skill which is so 
important. Iam sure that few of our friends in these Arab countries where 
oil is produced can have a real conception of the vast amount of work 
needed in the successful engineering, ordering, and shipping the great 
variety of equipment required. 

They have, however, played a great part in the installation, and I should 
like to take this opportunity of paying tribute to the Ruler of Kuwait, 
Shaikh Abdullah as-Salin as-Subam, the State officials, and the people of 
Kuwait for their co-operation during the many difficulties which occurred 
in this rapid oil development. We had a great variety of problems to 
contend with, and we provided our Arab friends with many problems too. 
Friendship and co-operation enabled us to solve them. 


INDUCTION OF THE PRESIDENT 


Inducting the new president into the chair, Mr SourHweE.v said : 
Earlier in this meeting Mr H. 8. Gibson was unanimously elected President 
for the 1952/53 session, and it is now my privilege to induct him into the 
chair of that office. 

Mr Gibson is already well known to all of us as a Redwood Medallist. 
As you know, that Medal is awarded for outstanding work which has con- 
tributed to the science and technology of petroleum. It is not awarded 
lightly, and Mr Gibson was a particularly suitable recipient in view of the 
work he had done in the technical development of the multi-stage stabiliza- 
tion of crude in the oilfields of Iran. 

Mr Gibson, who was General Fields Manager in Iran, returned to Britain 
to undertake research work, but was called to the important administrative 
position of Managing Director of the Iraq Petroleum Company. 

Since leaving Cambridge, he has spent all his working life in the petroleum 
industry, and the Institute is to be congratulated on their choice. 

I have much pleasure in inducting Mr Gibson into the Chair. 


Votre or THANKS TO RETIRING PRESIDENT 


Lr.-Cox. 8. J. M. Avtp : Iam glad that it has fallen to my lot to express 
something of the admiration we have for our immediate past President and 
to ask you to join me in thanking him on behalf of the whole Institute for 
all he has done during his tenure of office. 

The two years which have just passed have gone quickly, but they have 
been amongst the most eventful in the petroleum industry; and at the 
same time they have been amongst the most heartening in the history of 
the Institute of Petroleum. 

During that period, as oil men we have continued to shape the future—I 
think for the general benefit; as the oil industry we have met and cir- 
cumvented major threats to the economics of the world; and as a Nation 
we have truly become oil-conscious. 

It is under such conditions that a man of determination can be expected to 
grasp the opportunity of expressing his full stature. 
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Yet it seems barely possible that it can be the same person who has 
achieved fame by his masterly organization of the immense Kuwait pro- 
duction, and by his personal negotiation of the Kuwait concessions; and he 
who during the same two years has devoted such honesty of purpose to his 
position as our President. 

I will not dwell on the number of speeches he has had to make; or on the 
number of visits he has paid to Branches and elsewhere—here and abroad ; 
or on the dinners he has had to eat—or on the dinners he has given; or on 
his activity at the World Petroleum Congress, or on so many other things. 

I would rather refer to that unassuming complete identification of him- 
self with the Institute of Petroleum in all its activities and his manifest 
determination in everything he has done to leave it a better thing than he 
found it. 

Ecclesiastes would have praised him also; for always what, his hand has 
found to do, he has, indeed, done it with his might. 

Lines that he has laid down for the Institute’s welfare will undoubtedly 
guide us in the future, and for that purpose we shall continue—we insist— 
to have the benefit—as the Preacher also said—of his Work, his Device, 
his Knowledge, and his Wisdom. 

Mr President, I shall be glad if you will allow me to propose, and this 
gathering to acclaim, a vote of sincere thanks to our immediate Past- 
President Mr C. A. P. Southwell. 

The vote of thanks was accorded with applause. 
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THE INSTITUTE OF PETROLEUM 


SPECIAL GENERAL MEETING 


A Sprecrat General Meeting of the Institute of Petroleum was held at 
26 Portland Place, London, W.1, on June 11, 1952, the chair being taken 
by Mr R. B. Southall, vice-president. 


Change in Articles of Association 
V. Biske reviewed the position of the Institute in reference to the : 
Covenant Scheme, and proposed the following resolution :— 


That Article of Association No. 8, as amended and set out below is hereby approved : 
and adopted as part of the Articles of Association of the Institute of Petroleum, in 
substitution for and to the exclusion of the existing Article of Association No. 8. 


“If any member shall leave his subscription in arrears for two years, and shall fail to 
pay such arrears within three months after a written application has been sent to him by 
the Secretary, his name may be struck off the register by the Council at any time afterwards, 
and he shall thereupon cease to have any rights as a member. 

‘* Provided always that this Article shall not be construed to compel the Council to remove 
any name if they shall be satisfied the same ought to be retained.” 


Lt.-Col S. J. M. Auld seconded the motion, which was carried 
unanimously. 

V. Biske then proposed, and F. L. Garton seconded, that the amended 
Article No. 8 should become effective from July 1, 1952. This was carried 


unanimously. 


Changes in By-laws 
V. Biske proposed, Dr G. H. Smith seconded, and it was carried 
unanimously :— 


That By-law No. 41, as amended and set out below is hereby approved and adopted 
as part of the By-laws of the Institute of Petroleum in substitution for and to the 
exclusion of the existing By-law No. 41. 


“* In the case of a member dying or resigning during a year of membership no refund 
shall be made to him, or his personal representatives as the case may be, of any Entrance 
Fee or Annual Subscription paid by him during such year unless the Council at its 
discretion shall so determine, and this provision shall apply notwithstanding that the 
member's resignation may, as provided by By-law 25, take effect during the currency of a 
year of membership.” 


V. Biske proposed, Dr G. H. Smith seconded, and it was carried 
unanimously :— 


That By-law No. 72, as amended and set out below is hereby approved and adopted as 
part of the By-laws of the Institute of Petroleum in substitution for and to the 
exclusion of the existing By-law No. 72. 

‘* Fach and every Corporate Member may nominate in writing a Corporate Member for 
election as a member of Council referred to in sub-clause (B) of Article 23. A nomination 
to be valid must be signe! by at least six other Corporate Members and must be received by 
the Secretary not later than the thirty-first day of December in any year. No member 
may sign more than one such Nomination Paper at any one election. Should the number 
of nominations exceed the number of vacancies in the Council a ballot shall be taken and 
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at least thirty days before the Annual General Meeting the Council shall prepare and issue 
to each Corporate Member a list of Candidates for election to fill the vacancies in the 
Council, such list and all copies thereof to be regarded as the Balloting List. 

“ This By-law shall be brought to the notice of all Corporate Members in each year in 
such manner and at such time as shall be determined by the Council.” 

On the proposal of V. Biske, seconded by Dr G. H. Smith, it was 
unanimously approved that the new By-Laws Nos. 41 and 72 should 
become effective from July 1, 1952. 


OBITUARIES 


JOHN SMART AIKMAN DON 


J.8. A. Don, who died on June 2, 1952, at the age of fifty, was born at 
Elie, Fife, where his father was Lord Provost. He qualified in Edinburgh 
as a chartered accountant, and for a time did auditing work in that city. 
Later he became secretary of the Midland Telegraph, and in 1939 joined 
Lobitos Oilfields Ltd. as accountant at their Ellesmere Port refinery, a 
position which he held at the time of his death. 

In 1941, J. S: A. Don joined the Institute of Petroleum as an Associate 
Member, and was honorary auditor of the Stanlow Branch. He was also 
honorary secretary of the Stanlow Oil Managers’ Association from 1939 to 
1949. 

His record during the second world war was probably unique. On the 
outbreak of the war he was a captain in the A.A. battery formed to guard 
the Stanlow oil area. On the disbandment of the local A.A. batteries he 
joined the Local Defence Volunteers, which later became the Home Guard, 
and held the rank of Major. He joined the police force as a special con- 
stable, rose to the rank of inspector, and eventually became Liaison Officer 
between police and military in the Wirral area. 

He was keenly interested in youth movements, to which he gave freely 
of his services. In this sphere he was instrumental in raising the Ellesmere 
Port Squadron of the Air Training Corps, of which he became commanding 
officer, with the rank of Pilot Officer. 

J.S. A. Don was an efficient accountant and had a pleasing genial manner 
which made him the immediate friend of all with whom he came in contact. 
His many friends will regret the loss of a stimulating personality. 

J.8. P. 


LEONARD DODD DERRY 


WE regret to record the death, at Plainfield, New Jersey, U.S.A., on June 6, 
1952, of Leonard Dodd Derry. Mr Derry, who was only thirty-eight years 
of age, was taken ill while on a business visit to the United States and died 
following an operation. 

He was trained as a mechanical engineer, with a particular interest in 
internal combustion engines, and had a very extensive knowledge and 
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experience in the diesel engine field. Commencing his career with Messrs 
Petters of Yeovil, he made his first real contact with the petroleum industry 
when he was seconded from that company to work for a year (in 1936) on 
research on fuels and lubricants at the Sunbury Research Station of the 
Anglo-Iranian Oil Company. After a further period of work at Petters 
on engine development, he joined Messrs Alan Muntz & Co. as research 
engineer on diesel engine and gas turbine development. Some years later, 
in 1946, Mr Derry became a member of the staff of Esso European Labora- 
tories and worked on diesel fuels. After a year or two he widened his 
interests, taking charge of the work on burner fuels as well as diesel fuels 
in the Esso Development Co. research laboratories at Abingdon. A 
further extension of interests occurred in April 1950, when he was appointed 
head of the Lubricants Research Section of the same department. 

Leonard Derry was an Associate Member of the Institution of Mechanical 
Engineers, an Associate Fellow of the Institute of Petroleum, to which he 
was elected in 1948, and a member of a number of other technical and 
engineering institutions. He was an active member of the industry, 
serving on several committees and contributing, with his colleagues, a 
number of papers on diesel fuels and related subjects. 

His outstanding qualities of energy and enthusiasm and his unfailing 
cheerfulness made him a valued colleague both inside and outside his own 
organization. He will be much missed by many friends, and particularly 
by those who, like the writer, have collaborated closely with him during 
the whole of his service in the petroleum industry. 

To his widow and young son and daughter we extend our sincere 


sympathy in their loss. 
E. B. E. 


DR RICHARD LEVI 


RicuarpD Levi, Dipl.Ing., Dr.Ing., F.Inst.Pet. was born on August 26, 
1884, in Hassloch, Rheinpfalz, Germany. He studied at the Technical 
University of Karlsruhe under Prof C. Engler, Prof K. Bunte, and Prof 
F. Haber. He gained his Dipl.Ing. (Engineering Diploma) in 1906. He 
was called upon, in the same year, to be an assistant in the Department 
of Chemistry at the Technical University of Karlsruhe. Two years later 
he became Dr.Ing. (Doctor of Engineering) on the study of heterocyclic- 
amino acids. 

In the two years 1908-10 Dr Levi was assistant to Prof Dr. C. Engler 
at the Technical University of Karlsruhe, and as well as supervising new 
students and more advanced research students, he acquired his first real 
knowledge of the mineral oil science, by assisting Prof Engler on his standard 
work “ Das Erdoel.” 

After leaving his position as assistant to Prof Engler he became works 
chemist at Dr A. Lessing G.m.b.H., a firm manufacturing carbon electrodes. 
A year later he went to Hamburg, where he stayed until joining Manchester 
Oil Refinery Ltd. 

For nearly ten years he was employed at Oelwerke Stern Sonneborn 
A.G., Hamburg (Ossag), first as an analytic and research chemist, then 
process chemist, and finally supervising all departments as works manager. 
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In 1920 Dr Levi left Ossag and settled down as consulting chemist in 
Hamburg. He developed his own firm—Fachlaboratorium fiir die 
Mineraloelindustrie, Hamburg, and was sworn in at the Chamber of Com- 
merce, Hamburg, as ** Sworn Chemist.” 

Having achieved one of his ambitions to establish his own firm, his 
activity as technologist and chemist spread over the whole of Europe, 
and the U.S.A., chiefly in the petroleum and allied industries. He made a 
few publications in chemical! technical journals, especially on motor oils, 
and was a member of the Lubricant Committee of the German and 
Austrian Association for Testing of Material. 

In 1937 Dr Levi joined Manchester Oil Refinery Ltd., with whom he 
remained until his death. He will be remembered for his keen interest 
in all matters pertaining to oil, and in particular the chemical possibilities 
of by-products. He never accepted the position that.the ideal method of 
production and treatment had been attained, and was constantly seeking 
new methods and new techniques. 

His loyalty, his keen interest in matters outside the petroleum field, 
and his pleasant personality will be greatly missed by all those who came 
into contact with him. EK. J. D. 


ERRATA 


DIscUSSION ON METHODS FOR EXPRESSING THE VISCOSITY—TEMPERATURE 
RELATIONSHIP OF LUBRICATING OILS ”’ 


. 235. In line 6 from bottom the term ‘‘ n”’ should be “‘ 7.” 

. 236. Line 6 should read * not expressed in per cent weight, or per cent 
volume, or per cent mole, but in per cent intermolecular attraction 
energy.” 

. 237. Line 11. ‘‘ Disregarding ” should read “ Disregard.” 

Line 14. For “the Y oil” read “ the U oil.” 

. 238. Line 5 from bottom should read ‘tolerance of 2 per cent on 
kinematic viscosity measurements (Belg. A.B.S. 52-12).” 

. 239. In Table [I entries in column | should read ‘* 2. Error of +-2% ” 
and “ 3. Error of —2%.” 
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OILFIELD EXPLORATION AND EXPLOITATION 


Geology 


1755. Paleofacies. T.H. Philpott. Oil Gas J., 24.3.52, 50 (46), 164.—Because key 
fossils from core samples give an adequate guide to structure, little or no attention is 


paid to other fossils present or to facies-fauna aspects. Thus much useful information 
is virtually thrown away. As stratigraphic traps become more important in the 
search for oil so does the need to give careful study to fauna-—lithology relations 


increase. C. M. T. 
1756. Stratigraphy of Supai Formation, Chino Valley area, Yavapai County, Arizona. 
P. W. Hughes. Bull. Amer. Ass. Petrol. Geol., 1952, (4), 635-57.—A study was 
recently made of the Supai formation in a small area east of Chino Valley in Yavapai 
County, Arizona. Distribution of detrital sediments over wide areas, the character 
of primary structures, and the interbedded relationship of redbeds to limestones all 
indicated that the Supai formation is an ancient delta deposit interbedded with 
marine limestones. The formation has been divided into two members, the lower 
member being 145 to 156 ft thick and consisting of a slope-forming unit of red sand- 
stones and siltstones capped by cherty limestone, with a basal conglomerate locally 
present; the upper member forming a cliff-and-slope type of topography, and con- 
sisting of over 938 ft of similar composition but with the addition of structureless 
claystone and aphanitic limestone. 

The poor preservation of the marine fossils collected from the lower member all 
suggest a Lower Pennsylvanian age for the basal Supai, and should further studies 
bear this out it may be established that the basal Supai formation was deposited by a 
regressive Pennsylvanian sea. E. N. T. 


1757. New deep producer? Anon. Oil Gas J., 3.3.52, 50 (34), 56.—Magnolia 
Petroleum Co.’s | Ragley Lumber Co D. in Allen Parish, Louisiana, already the fourth 
deepest hole drilled, is being tested at 18,660 ft, following some gas shows near the 
bottom. The last 100 ft was drilled using a special mud designed within 48 hr by 
the field research lab, when it was found that bottom-hole temp up to 326° and 
chemical reactions caused gelation of all available commercial muds, preventing 
logging of the last 300 ft and threatening lost circulation. The hole is open below 
13,824 ft. J.C. M. T. 
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1758. Lion completes wildcat in Louisiana Parish. Anon. Petrol. Engr, Mar. 1952, 
24 (3), B94.—Maynard 1, Borsier Parish, Louisiana, on test of the Rodena gas horizon, 
flowed 27,000,000 cu. ft/day. Total depth is 5830 ft, in Travis Peak. C.A. F. 


1759. New interest focuses on Lake Fausse Pointe field. W. Rose. Oil Gas J., 31.3.52, 
50 (47), 80.—Lake Fausse Pointe field is typical of the highly faulted salt-dome struc- 
tures of Southern Louisiana. Producing wells now total fourteen, and cumulative 
production to date is over 3,250,000 brl, mostly from Miocene sands. The Texas Co. 
G. Kling-Walet well, several miles from the nearest production, and producing from 
a deep Oligocene sand, has proved an important extension to the field. This well 
yields nearly one-third of the whole field’s allowable production. Pressures 
encountered while drilling were high. J.C. M. T. 


1760. Delaware Basin strike. KR. F. Carlson. Oil Gas J., 31.3.52, 50 (47), 59.—The 
well M. A. Grisham et a/ 1 Grisham in a drill-stem test at 9000 ft (just penetrating the 
Devonian) indicated a capacity of 40,000,000 cu. ft/day of gas. Closed-in bottom- 
hole pressure was 4355 p.s.i.in 22 min. The well later blew in while lowering the drill 
bit preparatory to deepening and has been making about 60,000,000 cu. ft/day through 
a bleed line. There is no oil. 

This well is on the western flank of the Delaware Basin, Culberson County, Texas, 
deeper horizons of which are at present virtually untouched. J.C. M. T. 


1761. The controversial Spraberry. G. R. Gibson. World Petrol., Mar. 1952, 23 (3), 
63.—Oil was discovered in the Spraberry sand in the Midland Basin, West Texas, in 
1949, and in less than one-third of the estimated productive area, approx 1000 wells 
have been drilled, of which less than 3°, were dry. Cumulative production to Jan. 
1952 was 21,103,489 brl, 10% of which was produced in Dec. 1951. 

The Spraberry is a series of shales, siltstones, limestones, dolomites, and sand- 
stones, ranging from 900 to 1500 ft in thickness. Development of pays within this 
series is expanding laterally and vertically, and at least ten zones are now producing 
oil and gas. 

Productivity is controlled by a well-developed fracture pattern which is best 
developed in black shales between silt beds. The fractures may connect vertically 
up to 100 ft and laterally up to 1320 ft. C. A. F. 


1762. Spraberry. Some microscopic characteristics. W. A. Waldschmidt. Petrol. 
Engr, Mar. 1952, 24 (3), B54.—The petrography of four thin sections of the Spraberry, 
a productive-sand series in Texas, is described. 

Three of these contained over 80% quartz, 8 to 13%, dolomite, approx 2% % felspar 
and accessories. The fourth, a silty shale, included dolomite, iron eulphide, and 
mica. Percentages were based on grain counts. C.A. F. 


1763. Salt dome gas well proves a new discovery. Anon. Petrol. Engr, Mar. 1952, 
24 (3), B94.—1 Vidal et al, A. Cantu. Survey, Duval County, Texas, found 6,300,000 
cu. ft. gas/day from 4532 to 4534} ft plus condensate. C. A. F. 


1764. Magnolia well success. Anon. Petrol. Engr, Mar. 1952, 24 (3), B99.—I Univer. 
sity of Texas, Andrews County, West Texas, on test of the Devonian from 12,552 to 
12,572 ft flowed 49 brl of 42° oil in the first hr and 57 br! in second hr. C. A. F. 


1765. Seismograph interpretation as related to changes in sedimentary section in West 
Texas and New Mexico. J. Daly and C. N. Page. Bull. Amer. Ass. Petrol. Geol., 
1952, (4), 658-76.—In order to promote more well surveys, a study of regional 
velocity conditions in the Permian basin was undertaken. It was found that the 
different rock types which make up this basin have characteristic seismic velocities, 
which may vary by as much as 300% within a time-stratigraphic unit ; maps illustrat- 
ing this fact are shown. 

These sharp velocity contrasts can either emphasize or completely mask a geological 
condition favourable to the accumulation of oil. E. N. T. 
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1766. Old-field strike. Anon. Oil Gas J., 3.3.52, 50 (34), 58.—The old Maljamar 
1 of Lea County, New Mexico, is showing promise of renewed life where Buffalo 
Oil Co.’s 12-B Baish has flowed 114 brl via an 4-inch choke in a 12 hr test from the 
Devonian at a depth of 13,537 to 13,557 ft. 
Production has previously been confined to the Permian at depths from 3200 to 
4600 ft. J.C. M. T. 


1767. B well may prove new Julesberg field. Anon. Petrol. Engr, Mar. 1952, 24 
(3), B94.—Schwake 1, approx 16 miles northeast of the Yenter field in Logan County, 
Colorado, was completed for an initial production of 36 bri/hr of 37°3° oil from approx 
5300 ft in the Cretaceous J sand. Gas was also found in the D sand at approx 5160 
ft, where on test the well flowed 3,000,000 to 4,000,000 cu. ft/day. A. F. 


1768. Pennsylvanian and Permian stratigraphy in Crested Butte Quadrangle, Gunnison 
County, Colorado. R. L. Langenheim. Bull. Amer. Ass. Petrol. Geol., 1952, 36 (4), 
543-76.—The Pennyslvanian and Permian rocks of the Crested Butte Quadrangle fit 
the concept of “ operational stratigraphic units,” and the Absarokan sequence of this 
area illustrates the transgression of a marine environment into a region of low relief 
largely covered by limestone ; the rise of the Ancestral Rockies flanking both sides of 
a continuously sinking trough; continued sedimentation and tectonic differentiation 
after the retreat of the sea from the trough; and finally the cessation of tectonism 
with general uplift and establishment of a truncating erosion surface. 

This area has a far more complex structural geology than was previously reported. 

E.N. T. 


1769. Stratigraphy and structure of northeast Strawberry Valley Quadrangle, Utah. 
H. J. Bissell. Bull. Amer. Ass. Petrol. Geol., 1952, 36 (4), 575-634.—The stratigraphic 
sequence of this area aggregates approx 43,435 ft and consists of twenty-four forma- 
tions, most of them marine. It was found that the Laramide orogeny caused numerous 
structural alterations; these were followed by normal faulting of Tertiary age within 
the Quadrangle, arch collapse of the Uinta Mountains, and further accentuation of 


the asymmetry of the Uinta Basin Tertiary syncline, thus leaving the area in form 
and proportion much as is seen to-day. BE. N. T. 


1770. Area of promise. Piceance Creek Basin of Colorado—a portion of the Uinta 
Basin. K. W. Blair and L. W. Heiny. Petrol. Engr, Mar. 1952, 24 (3), A48.—The 
Piceance Creek Basin forms part of the Uinta Basin and consists of an area of approx 
6000 sq. miles elongated northwest-southeast, separated from the Uinta Basin proper 
by the Douglas Creek Uplift, a structural high trending south from the Rangely 
Anticline towards Mack in the Colorado River valley. 

Formations in the basin range from Eocene to Cambrian. There are oil shales in 
the Eocene Green River which occur in beds from a fraction of an inch to 10 ft and 
have varying yields/ton. 

A number of anticlines and dome structures are known. Gas was discovered in 
the Green River on the Piceance Creek anticline which trends northwest-southeast 
in Rio Blanco County, and several producers have been drilled. Small quantities of 
gas were found on the White River dome, drilled in 1890. 

Thirty-three producers have been completed in a field on the Wilson Creek anticline 
in Rio Blanco County, where closure is approx 1000 ft. There is small production 
from Jurassic Morrison sand on the Maudlin Gulch anticline, Moffat County, and from 
the Weber sandstone on the Elk Springs anticline, Moffat County. 

The Rangely field in Rio Blanco County has a closure of 1400 ft. 530 wells have 
been drilled, and daily production is approx 65,500 brl from Pennsylvanian Weber, 
Trias Shinarump, and Cretaceous Mancos, 

Gas was discovered in 1943 on the Douglas Creek anticline in Dakota sands; the 
structure is highly faulted. ORF 


1771. Humble discovers new pool in California oilfield. Anon. Petrol. Engr, Mar. 
1952, 24 (3), B96.—-Newhall Land and Farming 8, Los Angeles County, California, 
was completed for 588 b.d. of 29° oil from a sand pay from 10,722 to 10,923 ft. Total 
depth is 11,080 ft. C. A. F. 
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1772. Williston : 1 year old. P. C. Ingalls. O:l Gas J., 7.4.52, 50 (48), 75.—There 
was no oil production a year ago in North Dakota; the Williston Basin now has forty 
active drilling locations and seven proven areas. Oil shows are indicated in the 
Mississippian and the Devonian. J.C. M. T. 


1773. Geology of the Williston Basin in North Dakota. Pt 2. W.M. Laird. World 
Petrol., Feb. 1952, 23 (2), 46.—Sediments in the Williston Basin range from Cam- 
brian to Tertiary. The Cambrian has been positively identified in only one well; 
it consists of shales, dolomites, and sandstones. 

The Ordovician is extensive and consists of—from base to top—the Winnipeg, 
Red River, and Stony Mountain. The Silurian is also extensive and consists of 
limestones; it may be productive in Clarence Iverson 1. The overlying Devonian 
is of interest because of its prolific production in neighbouring states and the presence 
of reef structures of Devonian age in the basin. The Mississippian consists of—from 
base to top-—-Englewood, Madison, and Big Snowy; some lenticular sands in the Big 
Snowy have produced oil in Montana. Both the Pennsylvanian and Permian seem 
to have a restricted distribution. The overlying Trias rests unconformably on beds 
ranging from Permian to Ordovician. The Jurassic consists of Ellis and Morrison, 
and there are a number of potential reservoir rocks. At the base of the Cretaceous 
is the Dakota group, which consists of sands and interbedded shales; it is overlain 
by Muddy, Niobrara, Pierre, Fox Hills, and Hell Creek. The overlying Tertiary 
consists of Paleocene, Eocene, and Oligocene beds. 

A number of formations can be recognized as potentially oil-bearing, e.g., reef 
limestones in the Devonian and in beds associated with the Mississippian unconformity. 

CALF. 


1774. Williston Basin discovery in Canada. Anon. World Petrol., Feb. 1952, 23 (2), 
70.—Roseray 1, near Roseray, Saskatchewan, found 26° to 30° oil in Cretaceous Blair- 
more, which was tested from 3070 to 3100 ft. C. A. F. 


1775. Cuba, a challenge to wildcatters. R.S. Knowles. World Petrol., Mar. 1952, 
23 (3), 52.—Geophysical exploration is at present being carried out in southern Cuba, 
and further drilling is planned. There are three small oilfields in the island : Motembo, 
Bacuranao, and Juarahueca, discovered in 1881, 1914, and 1943. Motembo is near 
depletion, producing naphtha from pockets in serpentine in contact with Lower 
Cretaceous limestone. Bacuranao, sited near asphalt seeps, is now exhausted ; approx 
160,000 brl were produced from sixty wells. Juarahueca also produces from a ser- 
pentine zone, and 200 wells have been drilled on 250 acres; approx | million brl have 
been produced. Crude quality varies laterally and with depth. 

A broad anticline crosses Cuba from the western tip to the Cauto River valley, 
dividing the western and central areas into two groups of separate sedimentary 
basins favourable to oil accumulation. A number of wildcats have recently been 
drilled, mainly on the north coastal and central uplifted regions, where there are 
surface shows. C.A.F. 


1776. History and status of petroleum exploration in Uruguay. A. Ferrer, N. Serra, 
R. Holmer, and E. F. Taylor. Bull. Amer. Ass. Petrol. Geol., 1952, 36 (4), 677-87.— 
The Uruguayan Government is now making progress in its exploration for petroleum. 
Comprehensive geological studies and surveys are being concentrated on the basalt- 
covered northwestern basin of the country ; preliminary results show that the methods 
in use may produce satisfactory information on structural conditions below the lava 
flows. When suitable locations have been made it is then intended to drill several 
tests to basement. NT. 


1777. African oil search. D.M. Duff. Oil Gas J., 31.3.52, 50 (47), 73.—At present a 
total of about six rigs and twelve or more geological and geophysical parties are 
carrying out exploration in Kenya, Uganda, Mozambique, Tanganyika, Madagascar, 
Liberia, French Equatorial Africa, Angola, and Ethiopia, mainly in coastal regions. 
There is no present known production south of the Egyptian fields. The only 
definite indication of oil in Central Africa was a well on the Ogowe River in French 
Equatorial Africa which produced on test a little oil and much water from about 
3500 ft. J.C. M. T. 
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1778. Oil exploration in North Africa. Anon. World Petrol., Mar. 1952, 23 (3), 48.— 
Exploration in North Africa has been intensified since the war. There are many 
structures in a sedimentary area covering approx | million sq. miles. Seismic work has 
indicated 10,000 ft of Tertiary beds in eastern Tunisia, and drilling in Algeria has 
proved 6000 to 10,000 ft of Miocene beds. There may be large unknown basins on 
the northern fringe of the Sahara. 

Test drilling is being carried out in Tunisia, Algeria, and Morocco. In Tunisia 
magnetometer and gravity surveys have been carried out, and detailed seismic work 
is in progress. A few wells have found gas in the Lower Cretaceous. 

Systematic exploration in Algeria commenced in 1946, and a number of structures 
have been defined by geophysical work. Approx forty test wells have been drilled. 
There are seepages in the Hodna Basin, 80 miles southeast of Algiers, which have 
yielded small amounts of oil from pits. Recent test drilling in this area has found oil 
in thirty-five shallow wells which are producing from thin pays in a complex faulted 
structure. Productive area is approx 1:5 by } miles. Test drilling is to be carried 
out in North Sahara south of the Atlas Mountains. 

In Morocco oil seeps have been known since 1900, and fields were discovered at 
Tselfat and Bou Draa. Recently, fields have been found at Ain Hamra and in the 
Oued Beth area. Main production is from a group of fields by the Oued Beth River ; 
the Oued Mellah, Tisserand, Baton, and Sidi Filli fields. 

Maps showing the oilfields and prospects in Algeria and Morocco, and a schematic 
section showing the oil zones of western Morocco are included. C. &. ¥. 


1779. Danish find. Anon. Oil Gas J., 31.3.52, 50 (47), 76.—-A well at Tonder, 5 km 
north of German border in South Jutland, has produced good oil shows in cores from 
a 100-ft section around 10,150 ft deep. Hopes for the area are increased by recent 
finds some 50 miles south of the border, in Germany. Further geophysical work is 
being carried out. M. 


1780. Danish-American makes Jutland oil discovery. Anon. Petrol. Engr, Mar. 
1952, 24 (3), B94.—A well in southern Jutland near Tonder, Denmark, is reported to 
have had an oil show, the first important find since exploration began in 1938. 

C. A. F. 


Geophysics and Geochemical Prospecting 


1781. Geophysical prospecting. M. B. Dobrin. Oil Gas J., 24.3.52, 50 (46), 124.— 
A twenty-one-page summary of seismic, gravity, and magnetic prospecting as prac- 
tised by the oil industry to-day, including reference to offshore work. The concluding 
section discusses integration of the various methods for optimum results in particular 
cases. Numerous examples are given. J.C. M. T. 


Drilling 


1782. Weeks Island. J. W. Pittman and J. E. R. Sheeler. Petrol. Engr, Mar. 1952, 
24 (3), B7.—-Weeks Island, Louisiana, salt dome produces oil from 101 wells of an 
average depth of 12,700 ft. 

Improved drilling techniques have resulted in a reduction of completion time from 
200 to sixty days. Important factors were : (1) formation correlations between wells 
and selection of best type of bit and best drilling conditions; (2) maintenance of 
straight hole with less than 2° of deviation; (3) use of oil-emulsion mud at depths 
below 12,000 ft; (4) modified casing design. 

The wells close to the salt plug present considerable difficulties in drilling and mud 
control. The deeper wells farther from the plug cause difficulties in mud control due 
to high bottom-hole temperatures. The addition of chemical thinners has overcome 
this difficulty. 

Drilling techniques and casing programmes are described. Cc. G. W. 
1783. Mechanical problems in deep drilling. A.W. Shaw. World Oil, 1.2.52, 184 (2), 


93.—-The advance in deep-drilling systems lies in the hand-in-hand co-operation and 
development of methods of manufacturer and operator. The focus of attention is 
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the drilling bit ; in most cases its failure may be traced to excessive bearing pressures, 
a type of failure which has led to the wide use of the jet-type drag bit. Deep drilling 
necessitates also the use of more delicate bits in some cases. Typical problems are 
considered, extending from the bit to pumping units at the surface and the use of 
wire-lines. The success of certain operations may undoubtedly be attributed to the 
efficiency of the personnel. A. J. H. 


1784. Drilling and completion methods in the Spraberry. J. L. Cox. Petrol. Engr, 
Apr. 1952, 24 (4), B72.—Drilling and completion methods in the Spraberry sand are 
summarized. The standard present completion is to drill with mud through the 
trend, set and cement casing, perforate, and apply Hydrafrac treatment. C. G. W. 


1785. Drilling and completing in the Spraberry trend. L. ©. Franklin. Oil Gas J., 
31.3.52, 50 (47), 86.—No particularly hard rocks are encountered while drilling down 
to the Spraberry pay, and principal difficulty is risk of lost circulation below 4000 ft, 
combated by using low pumping pressures and low-weight muds, achieved by adding 
crude oil. Casing is sometimes set at 4000 ft to shut off the salt section before pro- 
ceeding farther, but just as often the hole is drilled the whole way before setting 
casing. Most operators only cement around the casing shoe and for a short distance 
behind the pipe in view of the short expected life of the wells. Drilling in is mostly 
carried out by rotary tools using crude oil as drilling fluid, but many use cable tools, 
and two wells have used air drilling. While some wells are completed so as to produce 
from both upper and lower pays and some from the lower only, most penetrate the 
top portion only of the Upper pay. 82% of completed wells were Hydrafraced during 
initial completion; the rest were acidized, shot, or completed naturally. Average 
time to drill and complete a Spraberry well with rotary tools is thirty-six to forty 
days. J.C. M. T. 


1786. Fluid-jetting drill-stem subs aid Spraberry completions. Anon. World Oil, 

1.2.52, 184 (2), 176.—The location of these subs along the drill-string have resulted in 

a substantial reduction of cost due to lost circulation, and in this particular area where 

only two casing strings are run, the removal of drill cuttings has been speeded up 

from about an hour to just over 20 min. The construction of the sub, fully explained, 

is on the principle of a differential piston which permits jetting of fluid into the annulus, 
under normal conditions, while the full pressure is applied if the bit becomes clogged. 

Their use is recommended also for other areas. . 


1787. 100°, recoveries in diamond coring salt. J. A. Kornfeld. Oil Gas J., 3.3.52, 
50 (34), 81.—At Elk City field, Okla, full core recoveries and no enlargement of hole 
when drilling shallow sections of salt are claimed by using a saturated salt solution in 
the drilling fluid, low rotative speeds, and minimum weight on bit. Jd. 0. M.'T. 


1788. Diamond coring instruction. Pt I. C. Deely. World Oil, 1.2.52, 184 (2), 
107.—Despite the increase in application of diamond coring, certain operators regard 
this particular type of drilling as a difficult process. In actual fact, it is simple but 
requires a more technical approach. In setting out certain basic rules, it is suggested 
that a little experience will enable the diamond coring to be carried out with any 
crew. No special equipment is necessary, and the diamond core is not restricted to 
use with a pilot hole and may be used to drill hole from the point where the rock bit 
was replaced. Generally, it is more important to maintain a clean hole. The use 
of water is recommended as being the more efficient circulating medium, but muds 
may be used ; hole conditions should dictate the selection of fluid. Smooth conditions 
are conducive to efficient diamond coring, and it is recommended therefore, that to 
avoid snaking in the hole of the drill pipe under compression, the drill collars should 
carry weight in excess of the weight to be put on the bit; the drill string is then in 
tension. 

The use of core-barrel stabilizers and certain defects associated with the diamond 
bit are discussed. The smaller the annulus around the core barrel, the greater the 
stabilization of the barrel; too large an annulus encourages ‘‘ snaking’ under the 
drilling weight. Limits of hole size are given for certain dia of core barrel. Reaming 
a rock-bit-cut hole requires extreme care and slow operation, to avoid shearing the 
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diamonds on the outside of the bit and reaming under gauge. It is emphasized that 
local experience is essential prior to completely satisfactory operations. Certain 
gadgets are recommended. A. J. H. 


1789. Appraisal of drilling mud costs. Pt II. V.V. Horner. World Oil, Jan. 1952, 
134 (1), 137.—(See Abs. No. 1297.) A semi-wild-cat is selected for analysis of mud 
costs to determine whether or not the cost was excessive. The system of well-to-well 
comparison is inadvisable owing to the wide difference in strata sometimes encountered. 
‘Tne costs may be influenced by: (a) water dilution, (5) unit mud cost, and (c) days 
mud used. More efficient drilling does bear directly on mud costs. A. J. H. 


790. Mud trouble. E. Adams. Petrol. Engr, Mar. 1952, 24 (3), B11.—Gelation of 
mud when bottom-hole temps are high may prevent the running of logging instruments. 
This occurred recently in a well drilling at 17,800 ft. 

Reduction of mud weight involved loss of control of formation pressures and slough- 
ing shale. A new mud suitable for the conditions encountered would require low 
alkalinity and the min of clay solids. The composition of a suitable mud, which 
permitted the running of electric logging equipment, is given. The methods and 
equipment used in order to ensure that min quantity of new mud was used are 
described. Cc. G. W. 


1791. A mud design for the Williston Basin. RK. D. Blaicher. Petrol. Engr, Mar. 
1952, 24 (3), B72.—Mud problems in this area include a long unsupported shale section 
at the top of the hole and with massive salt and anhydrite in the lower part of the 
hole. 
Anhydrite and salt sections are drilled with mud saturated with calcium sulphate 
and salt respectively. In both cases modified starch is used to control filter loss. 
Composition and properties of typical muds are tabulated. C. G. W. 


1792. Natural organic colloids of Iranian origin as mud treating agents. G. Tchillin- 
yarian and C. M. Beeson. Petrol, Engr, Apr. 1952, 24 (4), B45.—The use of gums and 
gum-bearing seeds as agents for controlling water loss has been investigated. Gums 
and gum-bearing seeds of Iranian origin were used in a series of tests of water loss, 
vise gel properties, and foaming tendency at 68° and 180° F. 

Both salt-water and fresh-water muds were used and the gums found to be effective 
in all cases. Results are tabulated, plotted, and discussed. It is concluded that 
materials such as gum shiras and locust-bean seed should prove economical and 
effective treating agents. C8. 


1793. Oil emulsion mud studies in dissimilar areas. A. Gibbon. World Oil, 1.2.52, 
134 (2), 114.—Comparison is made of drilling data obtained from wells using mud of 
conventional and of oil-emulsion types, and it is demonstrated that the latter increases 
the rate of completion and requires a smaller number of bits. The oil-emulsion muds 
contained calcium lignosulphonate. The bits appeared to maintain a higher cutting 
efliciency until such time as they were actually dulled ; general running was smoother, 
and “tight holes ’’ were reduced in number. Specific data from the two fields are 
considered, A. J. H. 


794. Oil base drilling fluids. G. Miller. Oil Gas J., 10.83.52, 50 (44), 102.—A survey 
of the whole subject of oil-base muds; different types, their selection, and use. 


1795. Consolidating formations with plastics. H. B. Ritch and P. H. Cardwell. 
Oil Gas J., 3.3.52, 50 (34), 90.—A new plastic material which sets from a low-vise 
liquid first to a fairly rigid solid of the same volume and finally to 30% of the original 
volume is used for impregnating loose producing formations. The shrinkage after the 
initial set maintains the permeability of the formation. The liquid plastic has the 
property of preferentially wetting sand, thus assuring a secure bond to the grains. 

In cases where different zones have greatly different porosities so that there is a 
tendency for all the plastic to be forced into the low-porosity zones at the expense of 
the high, injection is carried out in two stages 8 hr apart, during which time the first 
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“dose ** has achieved the first ‘‘ consolidation set,’ thus blocking porous layers. 
Injection is normally preceded by mud-acid treatment, and the plastic is finally 
flushed with a light refined oil. J.C. M. T. 


1796. Resisitivity departure charts. H.Guyod. Oil Gas J., 24.3.52, 50 (46), 195.— 
A simple treatise on the meaning and use of resistivity departure charts for two- and 
three-electrode systems, with comments on the problems that arise as a result of 
mud-invasion of porous formations. J.C. Mf. T. 


1797. Hole straightening methods. G. Jackson. World Oil, Jan. 1952, 184 (1), 113.— 
A trend towards higher drilling rates is an advantage economically, but has also 
increased the possibility of crooked holes. In the consideration of these holes the 
more important point is the rate of change of direction, and in making correction for 
this deviation it is essential not to exceed the safe limit. In general, in the course of 
drilling the well is permitted to drift a certain amount, after which correction is applied. 
This may be effected by reducing the bit weight and depending on the plumb-bob 
effect of the drill-string, or may require direct whipstocking. Selection of the method 
of correction depends mainly on the time factor. If drift has been excessive, then a 
plug back and re-drilling operations may be necessary. 

The occurrence of the majority of straightening operations at hard formations has 
aroused interest in the use of diamond bits. The principal types are those using a 
removable whipstock, and cutting a core, and those in which a similar arrangement is 
used except that no core is cut. This has the advantage of being suitable to holes, 
the sizes of which do not allow room for cores. The use of the pilot reamer does 
result in a smoother curve of the hole. A jet at the end of the pilot facilitates its 
location in the rat-hole. Three field examples are quoted. A. J. H. 


1798. Wanted: a definition of a crooked hole. R. B. McCloy. Oil Gas J., 31.3.52, 
50 (47), 98.—Deviation clauses in current drilling contracts control the max permitted 
deviation from the vertical, but this does not ensure trouble-free drilling, for the 
specified drift angle takes no account of rate of change of drift or direction of drift, 


which are the real trouble-causers. On the other hand, provided frequent changes 
of direction and amount of drift are avoided, drift angles may, from the drilling point 
of view, safely exceed those at present considered the max allowable. J.C. M. T. 


1799. Nozzle design and its effect on drilling rate and pump operation. PtI. J. R. 
Eckel and W. J. Bielstein. World Oil, 1.2.52, 184 (2), 118. (API Ming, Beaumont, 
Texas.)—Previously work on nozzles had been confined to the consideration of the 
effect of nozzle-pressure drop on the drilling conditions. The investigation reported is 
divided into laboratory tests on discharge at low pressures into the atmosphere, and 
at high pressures against varying back pressures, and field tests. The latter are 
particularly relevant to the design of drag-type bits. Tests have been conducted on 
various profile nozzles, and a theoretical basis of the development of a profile, based 
on inlet and outlet diameters and overall length, attempted; principal conditions 
are the constant change in velocity of the fluid, with distance travelled through the 
nozzle, and constant acceleration of the stream. A. J. H. 


1800. Designed cut-off practices increase life of rotary drilling lines. T. H. Gibbs. 
World Oil, 1.2.52, 184 (2), 102.—The practice of pulling through and cutting off short 
lengths of the line is recommended after consideration of the set-up of the rig sheaves, 
etc. This arises from the suitability of arbitrary deductions to certain rigs and their 
impracticability for others. The system outlined is simple in principle, but, neverthe- 
less, requires comparatively accurate measurements to be made. An example is 
considered. A. J. H. 


1801. Field use proves tripod rig. H. W. Slater. World Oil, Jan. 1952, 184 (1), 
108.—Principal feature is the tripod design, the rig being of medium size, facilitating 
transportation in otherwise restricted areas. The supporting legs may be screw- 
adjusted to the required balancing position. Design and constructional features are 
given. A. J. H. 
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Production 


1802. New production methods promote efficiency despite shortages. J. L. Hoyt. 
World Oil, 15.2.52, 184 (3), 194. (Houston Chapter, API Feb. 5, 1952.)—A review 
of some problems which have been encountered and solved in the industry. Certain 
restrictions on steel supplies have forced operators in extreme cases to design with 
safety factors less than accepted safe limits. A. J. H. 


1803. Modern methods revive McKittrick lease. W. T. Rintoul. Petrol. Engr, Apr. 
1952, 24 (4), B7.—A small field abandoned for over thirty years is now being recon- 
ditioned and put on production. After cleaning and reconditioning two wells pro- 
ducing about 25 b.d. and other wells are expected to respond to treatment. 

Cc. G. W. 


1804. Anton-Irish field starts gas injection. Anon. Oil Gas J., 10.3.52, 50 (44), 130.— 
Gas injection was begun in January of Anton-Irish field, 30 miles northwest of Lub- 
bock, Texas. Structure is an elongated anticline with local closure at each end, 
producing from the Clearfork dolomite at 5900 ft. Production was previously due to 
fluid expansion and dissolved-gas drive, and wells are spaced at one per 40 acres. 

Injection of 2,000,000,000 cy. ft/day via twelve input wells dispersed over the 
whole structure has increased the allowable production from 42 to 100 b.d/well. 

J.C. M. T. 


1805. Production performance of the Spraberry. R. 8. Christie and J. C. Blackwood. 
Oil Gas J., 7.4.52, 50 (48), 107.—Core analyses give reasonable estimate of oil in place 
but not of productive capacity, as this depends mainly on the fracture system. 
Average width of fractures is estimated at between ;'5 and 3'5 mm. 

The reservoir, at a temp of about 138° F, was originally undersaturated, with a 
saturation pressure of 1900 p.s.i. and dissolved G.O.R. of 730 cu. ft/brl. The formation- 
volume factor is 1°4 br] reservoir oil at saturation pressure per brl stock-tank oil, and 
the oil has a gravity of 36°5 to 38°5 API. 

Initial reservoir pressure was about 2350 p.s.i. and probably uniform. In the 
more developed areas reservoir pressure is now declining rapidly, and pressure draw- 
down is noticed at considerable distance from producing wells. Productivity indexes 
of individual wells are also falling steadily. It is predicted that the rate of oil pro- 
duction will decline sharply accompanied by an abnormal increase in the G.O.R. 
Water production will be small, as there is no effective water drive. The total oil 
recovered will be only 10 to 20% of that in place, but probably 80% of the gas in 
solution will be produced. No secondary recovery methods are at present adaptable 
to the peculiar problems of the Spraberry. 

At the end of 1951 809 wells produced by natural flow, 129 were pumped, and three 
had gas lift. J.C, 


1806. Natural water-drive conditions in Placedo. 8S. F. Shaw. Petrol. Engr, Mar. 
1952, 24 (3), B65.—-Experience is described with a number of wells where an active 
water drive is present and high-pressure natural gas is available. 

It is concluded that in active water-drive reservoirs very high recovery percentages 
are possible if high production rates are maintained when the water-oil ratio becomes 
high. 

To deal with large fluid productions centrifugal pumps or gas-lift equipment is 
necessary . C.G. W. 


1807. Fluid separation with permeable plastics. ©. B. Jahn and D. M. Taylor. World 
Oil, Jan. 1952, 184 (1), 155.—Porous plastic media of various permeabilities have 
been tested and proved effective in removing water and condensate from wet gas, 
and even in separating water from emulsions of crude oil/water and distillate /water. 
The underlying principles are; (1) the separation by atmolysis or diffusion ; (2) mist 
extraction by virtue of the tortuous path through the permeable medium ; 
(3) coalescence of droplets and subsequent gravity separation of the fluids. General 
principles are given, and field examples cited. A. J. H. 
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1808. Removal of water and emulsion blocks to stimulate oil production. Pt II. 
W.F. Hower. World Oil, Nov. 1951, 183 (6), 191.—-(See Abs. No. 1343.) Formation 
contamination is kept to a min by dispersing the aromatic sulphonic acid in a light 
untreated crude oil using 1 gal of chemical per 2 brl of oil for each foot of formation 
treated, and displacing this dispersion into the formation by an equal volume of 
untreated oil. The unstable condition of chemical-in-oil does assist the contact of 
the water or emulsion, in the sand. The use of a treated oil is not recommended, 
owing to the possibility of interaction between emulsifier and emulsion breaker used 
at the surface-treating plants and overall reduction in effectiveness. 

Laboratory tests are described, demonstrating the effectiveness of the sulphonic acid. 
The use of this chemical may also be extended to completion practices, but the pro- 
perties of other chemicals are being investigated with a view to re-opening flow channels 
in sand bodies, previously blocked by sand particles. A. J. H. 


1809. Flowing and pumping a two-zone well. Anon. World Oil, 1.2.52, 184 (2), 
174.—A two zone well is produced by pumping the lower zone while the upper zone 
flows naturally. A unique feature is the clamping of the two strings together. To 
date the unit has operated satisfactorily, but no definite plans have been made for 
the time when the upper zone ceases to flow naturally. A. J. H. : i 


1810. The sucker rod pumping system. K.N. Mills. World Oil, Jan. 1952, 184 (1), 
182.—A review of factors influencing the efficiency of sucker rod systems. The case 
of wells pumped by free gas power did not stimulate research into the possible sources 
of power losses, but with the electrical system all losses are important. The problems 
are in two groups: subsurface and surface installations. Of the latter, it is particu- 
larly recommended that a pump be selected carefully for the power required so as to 
operate it near its peak efficiency. Refs. A. J. H. 


1811. Hollow sucker rods aid cleaning and treating techniques. KR. Sneddon. Petrol. 
Engr, Mar. 1952, 24 (3), B60.—Hollow sucker rods have been used successfully for 
hot-solvent treatment of wells plugged with paraffin. The method should prove 
applicable to any form of down-the-hole chemical or solvent treatment. 

The rods in use are 1}-inch O.D. by §-inch I.D. with alloy-steel hollow pins. This 
dewaxing technique can cut the cost of rod pulling and dewaxing by 75%. Max 
recommended string depths at present are 6500 to 7500 ft with polished rod loads of 
15,000 to 17,000 Ib. C. G. W. 


1812. Some considerations in the selection of sucker rods. K. N. Mills. Petrol. 
Engr, Apr. 1952, 24 (4), B12.—Important factors in the performance of sucker-rod 
strings are: (1) notch and corrosion fatigue ; (2) shock loading, bending stresses, and 
stress concentration effects ; (3) range and magnitude of working stresses ; (4) pumping 
speed, which must permit the rods to follow the motion of the walking-beam, and not 
induce synchronous vibrations; (5) max permissible stress level, which should be 
between 30 and 35% of the yield strength of the sucker rods. C.G. W. 


1813. Relative productivity index of gun-perforated completions as affected by depth 
of penetration. R.A. Howard and M.S. Watson. World Oil, 1.2.52, 184 (2), 166.— 
The study of the effect of depth, density, and size of penetrations is made with an 
electrolytic model, and their relation to a ‘ relative productivity index ’’ explained. 
The theoretical basis for comparing the laboratory model to field conditions is given 
with experimental data in graphical form. A. J. H. 


1814. High-pressure gas regulation. W. A. Shellshear. World Oil, 1.2.52, 184 (2), 
158. (Southwestern Gas Measurement Short Course, University of Oklahoma, Norman.) 
Problems encountered in the above are mainly those of application; the design of 
high-pressure (H.P.) installations does not involve the use of complicated equipment. 
Pressure reduction may be accomplished by the use of : (a) a positive choke, (b) adjust- 
able chokes, (c) pressure regulators, and (d) a combination of these. Each type has 
its specific application, but generally a combination of the three main ones will give 
the most satisfactory service. Other problems in the regulation of H.P. gas include 
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freezing of lines, which may be avoided by maintaining a sufficiently high temp or 
low water content ; the removal of liquid hydrocarbons; and the safe design of equip- 
ment in the H.P. ranges. A. J. H. 


1815. All-concrete structures for marine operations. J. E. Kastrop. World Oil, 
1.2.52, 184 (2), 146.—-Marine structures supported on concrete piles are described in 
detail. The use of concrete has followed upon an appreciable steel shortage. Post- 
stressed concrete exhibits sufficient strength for such structures and in addition it is 
not subject to either chemical or electrical corrosion. A. J. H. 


1816. Electric dehydration of heavy crudes. RK. L. Pettefer. World Oil, Jan. 1952, 
134 (1), 168.—The demand for heavy crudes and the difficulties of drying these oils 
led to this system. The principal difficulties are due to the high vises of the heavier 
crudes and the small difference between the gravities of water and of the crude (10 
to 20 API). In the central pumping system the crude is first passed via heat ex- 
changers to a heater, and then on to the dehydrator, where it passes between two 
horizontal and parallel electrodes. When the dehydrator is set in the flow line from 
the well no heater is used, as the emulsion has no time in which to “ harden.’ Auto- 
matic controls are a feature of the system. ; A. J. H. 


1817. Oil reserves menaced by mass salvaging. F. R. Cozzens. Petrol. Engr, Apr. 
1952, 24 (4), B78.—The possible adverse effects of salvaging casing from wells without 
adequately plugging the wells are described. 

Where reservoirs contain more than 35% of residual oil sufficient wells should be 
retained to operate the reservoir efficiently. Such wells as are to be abandoned should 
be so treated as not to interfere with production methods. 

Recommended procedures are described. G. W. 


Oilfield Development 


1818. Western Canada’s oil and gas. How far so far, and how much farther to go? 
C. O. Nickle. Canad. Min. metall. Bull., Apr. 1952, 45 (480), 224—-9.—Pioneering for 
oil and gas had its real beginning when a group of ranchers, farmers, and business 
men from Calgary obtained production from a 2700-ft well at Turner Valley, Alberta, 
in 1914. The high hopes arising from this discovery brought around $50,000,000 for 
exploration and exploitation during the following thirty-two years, which although 
affording several important gas fields, did not bring forth the oil production hoped for. 
At the end of 1946 the outlook was bleak. In Jan. 1947, however, the bringing-in 
of Imperial-Leduc No. 1 well with 1000 b.d., after the Imperial Oil Co Ltd. had drilled 
120 dry holes, brought proofs of major oil prospects to stimulate fresh investment for 
prospecting and development. Following this Leduc discovery, with reserves of 
275,000,000 brl, came the Redwater field in 1948, with reserves of 700,000,000 brl, 
and then the Pincher Creek field, the second major discovery in 1948, and since then 
over twenty-five oil discoveries and some sixty gas wells have been made. Canadian 
production, field reserves, and details of exploratory surveys are recorded, and the 
oil and gas outlook is discussed. The problems of markets are described and details 
given of the existing and prospective pipelines serving Canada. The Alberta Oil and 
Gas Conservation Boards’ recommendations, gas-export plans, and the tie-in of gas 
lines to serve the large markets in certain American cities and ports are described. 
W.H. C. 


1819. Oil development in Peru. J. E. Rassmuss. World Petrol., Feb. 1952, 28 (2), 
43.—Oil consumption in Peru in 1951 was 8,540,000 brl, or 53° of the total production 
of 16,126,383 bri. 

The Organos field is producing approx 700 b.d. from about thirty wells and, in 
Zorritos, three exploratory wells have been drilled to test Oligocene Mancora sandstone 
below the producing Zorritos. 

The Tumbes area has been surveyed by gravimeter and by aerial mapping. 

Exploration in the Amazon Basin has been continued at the Pisqui River approx 
100 km northwest of Ganso Azul; a well here found an oil and gas show at 7710 ft. 
Ganso Azul is producing approx 450 b.d. from six flowing wells. C. A. F. 
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1820. Yugoslavia oil output is expected to increase with discoveries and use of U.S. 
equipment. Anon. Petrol. Engr, Mar. 1952, 24 (3), B18.—1950 crude production in 
Yugoslavia was 777,000 bri, as compared with 441,000 brl in 1949. 

Output in old fields has been increased, and new fields have been reported in the 
Kladovo-Negotin area in the northeastern part of the country, and also in Bela 
Palanka near the Bulgarian border and in Bosnia—Herzegovina. 

There are five refineries which had an output in 1950 of 620,500 brl gasoline, 565,750 
brl kerosine, 189,000 brl lubricants, 611,720 bri gas oil, and some residual fuel oil. 
There have been small exports of fuel oil to Germany. C.A. F. 


1821. Zubair field to produce 45,000 bri daily in 1952. Anon. World Petrol., Feb. 
1952, 23 (2), 37.—Exports from the Zubair field, discovered in 1948, commenced in 
Dec. 1951. Production is from Middle Cretaceous sands between 10,000 and 11,000 ft. 
Oil is 33° and contains some sulphur and H,S. Thirteen producers have been drilled, 
and step-out drilling is being carried out to define the productive area. 

Oil has been found in tests at Nahr Umr (8300 ft), northwest of Basra, and at 
Ratawi near by. 

A 75-mile pipeline has been laid from Zubair to Fao, below Abadan, where a farm 
containing eight 135,000-brl tanks has been built, together with loading facilities. 
C. A. F. 


1822. Oilfield installations in Kuwait. P. D. Doulton. JIJndustr. Chem., 1952, 28, 
170-5.—Kuwait crude oil production increased from 17 million tons in 1950 to a rate 
of 35 million tons p.a. at end of 1951. Development of Kuwait field involved con- 
siderable dollar expenditure, and to minimize this, Matthew Hall & Co. were called in 
in 1947 to complete certain sections of the work. The following tasks were under- 
taken: (a) complete air-conditioning of new oil town of Ahmadi by pumping chilled 
water from a large central refrigeration plant to individual air-conditioning units ; 
(b) well-head installations to operate at 550 to 650 p.s.i.; (c) gathering centre complete 
with tilted-type separators, using six or seven stages of separation according to AIOC 
practice; (d) transit pumping-station; (e) boiler plant and steam mains for crude 
topping unit. A. C. 


TRANSPORT AND STORAGE 


1823. Marine transport of oil in bulk. W. G. Weston. J. Inst. Transport, Jan. 
1952, 24 (8), 290-8.—The subject is approached from the viewpoint of top manage- 
ment of an irhaginary concern owning, managing, and operating a large volume of 
tanker tonnage. The building, maintenance, and repair of tankers, the staffing and 
manning of them, the conditions of service on board—all have to be carried on and 
determined against the same background and subject to the same fundamental con- 
ditions as, and even in competition with, every other form of shipping enterprise. 
They are affected by the same bottlenecks and the same shortages, and even to a 
greater degree. Organization of the tanker industry, tonnage owned by the organiza- 
tion or associated concerns, tramp tankers, their charter to fill marginal requirements 
from particular areas, and the generally accepted practices regarding proportions of 
tonnage under these headings, are discussed. The functions of ship management, 
ship operation, flow of oil cargoes, utilization and turn-around, influence of terminal 
facilities, size and speed of units, assessing current performance, and the human 
problem are described. W. H. C. 


1824. Oil pipeline design. S. E.Coomber. Petroleum, May 1952, 15 (5), 117-20.— 
There are three definite stages in the construction of a pipeline, viz., choice of route, 
the design of the line and the actual laying of the pipe, and the construction of the 
pumping-stations and their auxiliary equipment. The first two stages are dealt with 
in this review ; a section on construction will appear in a later issue. 

Controlling factors in pipeline design are the quantity of oil to be moved per day 
and the profile of this route. The various design factors considered include the type 
of flow, calculations for estimating pressure drop in pipelines, and calculation of heat 
and friction losses. Other factors such as cost and allowance for increased oil produc- 
tion after construction are also considered. R. E. P. 
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1825. Oil pipeline development. H. H. Anderson. Pipe Line News, Apr. 1952, 24 
(4), 24-8.—-A historical review of the development of oil pipelines throughout the 
world, with statistics on interstate crude-oil and product lines from 1933 onwards. 

F. M. 


1826. Pipe and pipeline equipment. Anon. Petroleum, May 1952, 15 (5), 127-33.- 
A review of some new British developments in pipeline laying and maintenance. 
R. E. P. 


1827. Pipe welding in the oil industry. RK. Hammond. Petroleum, May 1952, 15 (5), 
124—6.— Describes the current techniques in the welding of oil-well and refinery piping. 
R. E. P. 


1828. Developments in pipeline communications. V. J. Sittel. Pipe Line News, 
Jan. 1952, 24 (1), 35-7.—-Details of telegraph, teletype, and micro-wave communication 
systems are given and discussed in relation to pipeline operation. F. M. 


1829. Big-inch line pipe--What is its yield strength P J. W. Lodge, J. W. Kirk- 
patrick, and G. K. Hanning. Oil Gas J., 18.2.52, 50 (41), 142.—Two methods of 
determining yield strength for large-dia thin-walled pipe are compared and suggestions 
given regarding which method to select. G. A. C. 


1830. Simplified gas pipeline calculations. J.T. Hull. World Oil, Jan. 1952, 184 (1), 
207.—A set of nomographs in which the value of Reynold’s No. may be easily deter- 
mined without much loss of accuracy. The method of calculation is explained and 
illustrated by examples. References. A. J. H. 


1831. F.P.C. approved over 6,000 miles of new gas line in 1951. Anon. Pipe Line 
News, Feb. 1952, 24 (2), 15-18, 46.—Brief details of all gas-line projects approved 
by F.P.C. during 1951. F. M. 


1832. Texas-Illinois gas line. Anon. Pipe Line News, Mar. 1952, 24 (3), 29-35.— 
A general account of the 1417-mile system from Texas to Chicago area with details of 
river crossings and companies involved in the project. F. M. 


1833. A dozen years of diesels on Magnolia crude oil line. Anon. Pipe Line News, 
Apr. 1952, 24 (4), 29-31.—A review of the operation of a typical station on Magnolia 
Pipe Line’s 10-inch line handling crude from Paloka, Ill., to Lima, Ohio, with details 
of the diesel engines used and pump-service data. F. M. 


1834. Tennessee Gas transmission system. W. W. Armstrong. Pipe Line News, 
Feb. 1952, 24 (2), 29-31.—Details are given of recent expansions in the Tennessee 
system, including new compressor stations. F. M. 


1835. Columbia gas line to Pittsburgh taps new Leidy gas field. Anon. Pipe Line 
News, Jan. 1952, 24 (1), 33-4.—A brief account, with map, of the Columbia gas system 
with location of the Leidy field and short description of the terrain encountered. 

F. M. 


1836. The Platte Story. S. Ross and R. Slough. Pipe Line News, Mar. 1952, 24 (3), 
55-7.—Details, with diagrams, of the micro-wave communication system installed for 
the Platte Pipe Line Co. on the pipeline system from Caspar (Wyoming) to Wood 
River (Iil.). F. M. 


1837. a Oil operates 76-mile line to Corpus Christi. Anon. Pipe Line News, 
Feb. 1952, 24 (2), 22-4.—An account, with map, of the crude-vil pipeline and tanker- 
loading facilities of Sunray Oil Co., Corpus Christi. F. M. 


1838. Mid Valley renews damaged Mississippi River crossings. Anon. Pipe Line 

News, Feb. 1952, 24 (2), 32-6.—The methods used to salvage, repair, and improve two 

20-inch pipelines damaged by high water of the Mississippi are described and illustrated. 
M. 
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1839. Trunk Line Gas Co. 1300-mile system brings gas from Texas to 

Illinois. Anon. Pipe Line News, Jan. 1952, 24 (1), 19-22.—The Trunk Line Co.'s 
pipeline transmission system from the McAllan field in Texas to Tuscola in Illinois 
was completed in August 1951 and carries 250 million cu. ft/day of gas. Brief details 
of the project are given, including crossings of the Mississippi and other rivers. The 
use of river clamps was eliminated by cement coating the whole of the under-river 
pipeline. F. M. 


1840. Microwave system for Texas-Illinois. D. Samuelson. Pipe Line News, Mar. 
1952, 24 (3), 36-8.—Details of the micro-wave communication system installed on the 


Texas-Illinois gas line (see Abs. No. 1839). F. M. 


1841. Biggest off-shore line. D. M. Taylor. World Oil, Nov. 1951, 183 (6), 223.— 
Detailed description, with photographs, of the laying of 25} miles of pipe in the open 
water of the Gulf of Mexico, as part of the programme of United Gas to increase the 
system to a capacity of 920 million cu. ft. gas/day. The 20}-inch and 14-inch lines 
link two producing platforms to the Louisianian shore. A. J. H. 


1842. High pressure submarine line brings gas to shore. E. Street. Pipe Line News, 
Feb. 1952, 24 (2), 25-8..-The United Gas Pipe Line Co. has completed its Eugene 
Island trunk, a 15-mile undersea gas line from the Pure Oil Co.’s block 32 drilling and 
production platform in the Gulf of Mexico. The line is of 20 inches dia and } inch wall 
made up of an inner portion shaped from 4-inch steel plate reinforced with a wrap of 
t-inch plate bent round the pipe and welded in place around the core. Weighting 
and corrosion protection are supplied by a §-inch coating of somastic followed by 
1 inch of reinforced concrete. Details are given of the preparation of the pipe, welding 
assembly, and placing of the line in the Gulf. F. M. 


1843. United’s offshore pipeline system. P. Williams. Oil Gas J., 12.5.52, 51 (1), 
122.—The system belongs to United Gas Pipe Line Co. and enters the Gulf of Mexico 
near Franklin, La. It extends 15 miles southerly across Atchafalaya Bay and into 
the open gulf; there is 25 miles of offshore line. Considerable investigation and 
research were undertaken before construction; geological considerations influenced 
route, wave conditions concerned anchorage and scour, and bacteria from the sea- 
water was examined for ability to attack coating materials. G. A. C. 


1844. Longest aerial pipeline span. Anon. World Oil, Nov. 1951, 183 (6), 248.— 
The two 30-inch pipelines, one of which can handle more than 14 billion (U.S.) cu. ft. 
gas/day. The other is not at present in use, but has been erected to take account of 
expansion of the gas-transmission schemes, and form part of the Gulf Coast/New York 
link. The two principal supporting towers stand 268 ft high, and the span of the 
suspension bridge is 2000 ft. Local problems include the force due to the winds of 
hurricane velocity encountered along the Gulf Coast. A. J. H. 


1845. Economic factors involved in looping vs boosters. N. B. Mavris. World Oil, 
Nov. 1951, 183 (6), 245.—Requirements of increased deliveries are met: (a) by 
increasing the booster stations, (6) by adding parallel lines, or (c) replacing small 
lines and extending booster-stations spacing. The former alternatives are considered, 
making certain assumptions with regard to equipment and specifications. Graphs. 
A. J. H. 


1846. Coal tar coatings. N.T. Shideler. Pipe Line News, Apr. 1952, 24 (4), 34-7.— 
Details of the manufacture, properties, and specifications of a number of coal-tar 
fractions suitable as pipeline coatings are given and discussed. F. M. 


1847. Structural design of flexible protective casings for pipe. M.G. Spangler. Pipe 
Line News, Jan. 1952, 24 (1), 23-30. (31st Ann. Mtng, API, Nov. 1951.)—Experi- 
mental work at the lowa Engineering Experiment Station on the deflection of flexible 
pipes under external load is described and discussed. Theoretical analysis is given 
leading to equations suitable for calculating the vertical and horizontal deflections 
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under max loading and the “ deferred deflection ’’ which may occur at some time 
after max loading has been achieved. The formule# are applied to illustrative 
examples. F. M. 


1848. Engineering fundamentals. R. F. Nielsen. Oil Gas J., 12.5.52, 51 (1), 189. 
No. 481 in this series concerns streamline and turbulent flow in conduits. The applica- 
tion of Reynold’s criterion is discussed. G. A.C. 


1849. Excavating underground L.P.G. storage. R.L. Loofbovrow. Oil Gas J., 5.5.52, 
50 (52), 208.—The general location for underground storage must be chosen with 
regard to production, transportation, or consumption of the product. Strong rock 
must be chosen, and strength tests made before excavation, or else permeable rock must 
be sealed. 

Means must be provided for handling excavated material; and costs, which will 
vary with different sites, carefully calculated. G. A.C. 


1850. Mud jacking solves pocket problem in crude oil tanks. Anon. Pipe Line 
News, Apr. 1952, 24 (4), 32-3.—An account of the application of mud-jacking technique 
to fill pockets beneath storage tanks. Details of the procedure adopted by the Mid 
Valley Pipe Line Co. are given. *, M. 


REFINERY OPERATIONS 


Refineries and Auxiliary Refinery Plant 
1851. Cooling water treatment. W. F. Oxford. Oil Gas J., 5.5.52, 50 (52), 176.—The 


use of surface-active materials to reduce formation of scale and corrosion attacks on 
water side of cooling equipment is discussed. 

Data on the effect of use of high-mol.-wt. substituted glyoxalidines and acylated 
amino alcohols are presented. G. A.C. 


1852. Pumoridge pump index. Anon. Fluid Handling, Feb. 1952 (25), 57.—(See 
Abs. No. 2327—1951.) Ajax Piston R15; Carruthers Cargo Oil; Girdlestone 
Diaphragm ; Goodenough Portable ; LaBour UHL; Quadruplex; Sigma SQ,SN,SH ; 
Vise. Ibid., Mar. 1952 (26), 92 Bennison’s Rotary ; Candy K-M Minor; Gwynne 8; 
Lister Domestic; Pearn Duplex; Speedivac Mercury Diffusion. IJbid,, Apr. 1952, 
(27), 121. Edwards Speedivac Oil Diffusion; LaBour type G; Mono type 1 BD 15; 
Pearn twin ram; Tangye treble ram ; Worthington-Simpson Domestic I TPS, 2M 4E. 
D. H. 


1853. Pumps. R. E. Dolman. Chem. Engng, 1952, 59, 155-69.—A complete classi- 
fication of positive displacement, rotary, centrifugal, mixed and axial flow, regenerative, 
and jet pumps. The principle, types, characteristics, size range, application, advan- 
tages, and disadvantages of each are summarized. 


1854. Pumps. G. L. Farrar. Oil Gas J., 14.4.52, 50 (49), 185; 21.4.52, 50 (50), 
168; 28.4.52, 50 (51), 110; 5.5.52, 50 (52), 281; 12.5.52, 61 (1), 181.—Pt 2 of the 
engineering reference section concerns pumping of volatile liquids, and gives material 
on allowable suction conditions. Figures show net positive suction head for single- 
suction hot-water pumps and suggested economic operating range for boiler-feed 
pumps. 

Factors of system layout and operating conditions for reciprocating and centrifugal 
pumps in volatile-liquid service are considered in Pt 3. For the latter type, seven 
operating pointers for their successful use are listed. 

Packing and sealing of pumps in volatile-liquid service are factors dealt with in 
No. 4 of the engineering reference section. 

Pt 5 concerns the pumping of volatile liquids and stresses the advantages of single 
mechanical seals. A diagram illustrates seal faces. 

Pt 6 of this series deals with use of single and double mechanical seals in pumps for 
handling volatile liquids. A coloured diagram of a double-shaft seal is given. 

G. A. C. 
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1855. The refiner’s notebook. S. Chesler and B. W. Jesser. Oil Gas J., 10.3.52, 
50 (44), 133; 17.3.52, 50 (45), 349; 24.3.52, 50 (46), 213; 31.3.52, 60 (47), 127.— 
No. 113 in this series concerns design of back-pressure relief valves; gives some 
definitions to aid design, and lists four main conditions which must be met. 

No. 114 discusses balanced-disk and sealed-piston relief valves. Diagrams show 
the conventional valve with vented bonnet and the balanced disk and seated piston 
with vented bonnet. : 

No. 115 deals with the balanced-disk and vented-piston relief valve. Diagrams 
show the valve and action of forces in closed and open position. 

No. 116 concerns unbalanced- and balanced-bellow relief valves; and diagrams 
show construction and forces acting in the two types of valves. G. A. C. 


1856. The refiner’s notebook. Anon. Oil Gas J., 7.4.52, 50 (48), 143; 14.4.52, 50 
(49), 195; 21.4.52, 50 (50), 173.—No. 117 deals with sizing discharge piping for relief- 
valve systems. 

Formule for determination of critical back pressure and valve sizing are given. 

No. 118 in this series gives worked-out examples in sizing relief-valve discharge 
systems, and a figure shows graph for critical back pressure. 

In No. 119, results worked out in No. 118 are compared with those obtained when 
max allowable back pressure is limited to 10% of the accumulated absolute upstream 
pressure. G. A. C. 


1857. The refiner’s notebook. L. P. Stillman. Oil Gas J., 28.4.52, 50 (51), 121; 
5.5.52, 50 (52), 283.—No. 120 in the series concerns relief-valve characteristics. Graphs 
show characteristics of conventional and balanced-bellows valves. 

No. 121 deals with pressure-relieving system design with variable back pressure ; 
and a method is given, involving nine points, of fitting such a valve to a system. 
A figure and two charts are given. G. A. C. 


1858. The refiner’s notebook. S. Chesler and B. W. Jesser. Oil Gas J., 12.5.52, 
51 (1), 185.—No. 122 shows how to save on discharge piping in closed relief-valve 
systems. The setting of the conventional relief valves below vessel-design pressure 
on closed-discharge systems is discussed, and a figure shows required thicknesses of 
shells for various internal pressures. G. A. C. 


1859. The refiner’s notebook. H. E. Degler. Oil Gas J., 18.2.52, 50 (41), 159.— 
No. 110 in this series gives the second part of the article on water-cooling towers and 
air-cooled heat-exchangers. Design considerations, operating characteristics, and 
mechanical maintenance are dealt with. G. A.C. 


1860. Heat exchangers for the chemical industry. C.G. Vander Wateren. JIngenieur, 
25.4.52, (17), Ch55.—The design of heat-exchange equipment for the chemical 
industry cannot be based on the same well-established principles that are applied to 
equipment for the oil industry, in view of the wide variety of conditions encountered 
in the former. The important influence of the material available on the design of 
equipment is emphasized. Descriptions and sketches are given of typical units— 
included in these being a multi-plate sulphur condenser. R. R. 


1860a. Heat interchange by condensation. Anon. IJngenieur, 25.4.52, 64 (17), 
Ch61.—A summary of an article which appeared in Chemie-Ingenieur Technik, 28.8.51, 
361-7. , R. R. 


1861. Boiling coefficients of heat transfer; C, hydrocarbon-furfural mixtures inside 
vertical tubes. W. E. Bonnet and J. A. Gerster. Chem. Engng Prog., Mar. 1951, 
47 (3), 151-8.—The scarcity of data on boiling heat-transfer coefficients for liquid 
mixtures of widely differing volatilities is remarked, and data are presented on the 
measuring of such coefficients obtained through the operation of a reboiler, installed 
as part of a pilot-plant distillation column, specially designed to measure plate effi- 
ciencies in extractive distillation systems, using as charge 12 to 43 gal/min of a boiling 
liquid mixture of butylene, butane, and furfural containing from 0 to 15 mole-% of 
co 
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C, hydrocarbons. The apparatus and procedure used are described and the method 
of calculation is discussed in detail, results being compared so far as practicable with 
those reported in the literature for similar investigations. The main factor affecting 
inerease in the coefficient of heat transfer under conditions of total variable pressure 
was the volume of vapour generated. J.G.H. 


1862. Uniformity of fluidization—-its measurement and use. KR, D. Morse and C. O. 
Ballou. Chem. Engng Prog., Apr. 1951, 47 (4), 199-204.—The significance of uni- 
formity of fluidization in boiling beds is emphasized and the effect of degree of uni- 
formity on reactor performance indicated. 

Requirements for the measurement of uniformity are enumerated and details 
presented of a measuring device of the capacitometer type. The instrument is de- 
scribed in detail, together with auxiliary equipment and probes, and methods of 
operation and interpretation of results so obtained are outlined. The effect of particle- 
size distribution, gas velocity, initial gas distribution, and variations in bed height 
on uniformity of fluidization are also discussed. J.G. H. 


1863. Pressure drop through stacked spheres; effect of orientation. J. J. Martin, 
W. L. McCabe, and C. C. Monrad. Chem. Engng Prog., Feb. 1951, 47 (2), 91-4.—-The 
significance of particle orientation in the investigation of the flow of fluids through 
packed beds is remarked, and details are presented of an investigation using stacked 
spheres to test the effect of orientation on pressure drop. Orientation is shown to 
have a definite effect on pressure drop through stacked spheres, orientation differences 
being shown to account for variations in pressure drop through beds of particles of 
the same dia and shape, packed to the same porosity. Such differences will be expected 
to be greatest when comparing packings where orientation can be preferred or directed, 
such as stacked Raschig rings and dumped Raschig rings. For these a single porosity 
correlation might be seriously in error. J.G. H. 


1864. Better burners for worse No. 6 oils. G. W. Bohn. Fueloil & Oil Heat, Apr. 
1952, 11 (4), 136.—-Author gives his reasons for believing that rotary cup burners 


with high peripheral cup speeds and high static air pressure will become increasingly 
important in the fields of marine and the largest power-plant boilers. 

Increase in oil temp, which ultimately proves troublesome, and expensive, resulted 
from attempts to adapt steam atomizing and industrial pressure burners to poor 
No. 6 oils. 

The rotary cup burner and its operation are fully described with the aid of many 
diagrams. 


1865. Application of Hastelloy B in apparatus for the chemical industry. H. G. Geer- 
lings and J. P. M. B. Bik. Jngenieur, 11.4.52, 64 (15), Ch45.—Article is concerned 
mainly in the construction of a 250-litre autoclave from Hastelloy B material. The 
properties of the four varieties of Hastelloy are tabulated, and various methods of 
welding the B form are examined in detail. The influence of heat treatment on 
corrosion resistance is investigated, and the references to machining include details of 
the cutting tools for machining Hastelloy’s A, B, and C. R. R. 


1866. Application of Hastelloy C in apparatus for the chemical industry. B. Goedhuis. 
Ingenieur, 11.4.52, 64 (15), Ch49.—Deals with the construction of a small pot still, 
complete with condenser and receiver, fabricated entirely from Hastelloy C. This 
material is even more difficult of fabrication than Hastelloy B on account of its great 
brittleness. The experience gained in the welding of the material is outlined, and 
the effect of fabrication methods on the corrosion resistance over a two-year period 
of operation is also referred to. The paper includes a table of the corrosion resistance 
of Hastelloy’s A, B, C, and D to sulphuric, hydrochloric, nitric, and phosphoric acids 
at various temperatures. R.R 


1867. Cost and performance of centrifugals. J.C. Smith. Chem. Engng, 1952, 59, 
140-2.—-Data are given on power and labour requirements, capital and installation 
costs, and typical capacities of centrifuges on various feeds. D. H. 
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1868. Carbon as a material of construction. Anon. Jngenieur, 25.4.52, 64 (17), 
Ch59.—A summary of ‘* Carbon Pipe comes of Age,’ by P. W. Sherwood, and deals 
briefly with the various types of carbon available for construction work where high 
corrosion resistance is of primary importance. R. R. 


1869. Engineering fundamentals. H.W. Smith. Oil Gas J., 28.4.52, 50 (51), 119.— 
No. 479 in this series concerns factors in selection of transmission belts. Tables give 
characteristics of well-proportioned rubber belting and pulley dia V-belt plies. 

G. A. C. 


Distillation 


1870. What’s happening in fractionation? I.E. Nutter. Oil Gas J., 5.5.52, 50 (52), 
180.—A plant processing gas from 120 dry-gas wells in Oklahoma operated by Panoma 
Corp. is described. The fractionation equipment produces relatively high-purity 
propane, butanes, pentanes, and hexanes. Methods employed first separates groups 
of products and then separates binary mixtures. Flow sheets illustrate the article. 
G. A.C, 


1871. What goes on inside bubble cap towers? FF. A. Zenz. Chem. Engng, 1952, 59, 
169-73.—A new method of calculating tower dia is based on bubble-cap properties 
rather than the empirical entrainment equation. Assumptions are made about the 
slot size; or a standard bubble cap can be taken and the number of caps required 
read from a graph. Liquid down-comer velocities are assumed, and tower dia read 
from a graph. 

A numerical example is worked out. D. H. 


Absorption and Adsorption 


1872. Stabilization of high-gravity condensate and production of natural gasoline. 
L. L. Laurence and C. W. Hayes. Oil Gas J., 14.4.52, 50 (49), 138.—Methods by 
which increased revenue can be economically accomplished in production of gas- 
condensate wells by low-temp separation of condensate from natural gas, lease stabiliza- 
tion of condensate from low-temp separators, and production of natural gasoline and 
L.P.G. on the lease are reviewed. Typical operation data are presented. G. A. C. 


1873. Kinetics of a fixed bed system for solid diffusion into spherical particles. J. B. 
Rosen. J. chem. Phys., 1952, 20 (3), 387-94.—A mathematical treatment dealing 
with the general problem of transient behaviour of a linear fixed-bed system, where 
the rate of adsorption is determined by the combined effects of a liquid film and solid 
diffusion into spherical particles. An exact and an approx solution are given. 


E. J.C. 


1874. Separation of gas mixtures by mass diffusion. M. Benedict and A. Boas. Chem. 
Engng Prog., Feb. 1951, 47 (2), 51-62; Mar. 1951, 47 (3), 111-22.—In Pt 1 the 
characteristics and advantages of the mass-diffusion method for separating gases are 
enumerated, and the operation is described in some detail of the two types of apparatus 
used, mass-diffusion stage, and mass-diffusion column. Theoretical equations are 
derived for the performance of both stage and column types and are applied to the 
separation of isotopes, and the extraction of hydrogen from coke-oven gas or similar 
industrial gas mixtures. 

The separation of isotopic mixtures by a cascade of mass-diffusion stages is dis- 
cussed in Pt 2, and data are presented for comparing the stage and column processes. 
The extraction of hydrogen from gas mixtures is then considered in detail for each 
type of mass diffusion. J.G. H. 


Solvent Extraction and Dewaxing 


1875. Generalized correlation of process variables: multicomponent solvent extraction. 
C. Berg, M. Manders, and R. Switzer. Chem. Engng Prog., Jan. 1951, 47 (1), 11-18.— 
The overlap coefficient correlation developed by Meyer for use in the distillation of 
complex hydrocarbon systems is extended to handle operations involved in the 
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extraction of multi-component stocks. This correlation generalizes the relationship 
between the reflux ratio and the No. of stages of extraction operation required to make 
a product of given specification. In this manner the optimum design of a given 
solvent-extraction installation can be determined by the economic balance between 
solvent circulation, No. of stages, and the quality of raffinate and extract. It is also 
of value in determining the effect of changes to existing facilities, such as that which 
be brought about by adding an additional extraction tower to an existing plant. 
The correlation is applied to pilot-plant data on furfural extraction of SAE 40 dewaxed 
lubricating oil distillate from Los Angeles Basin crude. Fundamental extraction 
characteristics for the pilot-plant extraction tower are developed from water extraction 
of the system methyl! ethyl! ketone-naphtha. J.G.H. 


Cracking 


1876. Houdriforming’s role in petroleum refining. T. A. Burtis and H. D. Noll. 
Oil Gas J., 28.4.52, 60 (51), 76.—The upgrading of low-octane heavy naphtha for 
incorporation in motor fuels, the practically complete desulphurization and octane 
improvement of high-sulphur stocks, and processing of selected cuts for aromatics 
and high-rich-rating blending fuels are discussed. 

An economic summary of a 10,000 b.d. refinery processing East Texas crude is 
given, seven cases being analysed. Five yield—octane curves are also given, together 
with a number of processing tables. G. A. C. 


1877. Moving bed recycle catalytic cracking correlations product distribution and 
process variables. J.B. Maerker, J. W. Schall, and J.C. Dart. Chem. Engng Prog., Feb. 
1951, 47 (2), 95-101.—A previous paper (Abs. No. 1508—1950) presented a correlation 
showing the effect of process variables of space rate, catalyst-to-oil ratio and temp, for 
once-through catalytic cracking. An extension of this investigation to include the 
effect of an additional process variable, recycle ratio is presented in the present paper. 
The procedure adopted is outlined, and by means of the correlations developed in the 
two papers it is possible to predict product distribution at a given recycle ratio and 
temp, when the yield of one major product is known, to predict product distribution 
at a given set of operating conditions and to predict the operating conditions necessary 
at a given temp and recycle ratio to obtain a specified yield of one of the major pro- 
ducts. The correlations can also be adapted to other charge stocks and catalysts by 
establishing reference lines on the combination charts with a minimum of three sets 
of experimental data. G. 


1878. Production of ethylene by autothermic cracking. R. M. Deansley and C. H. 
Watkins. Chem. Engng Prog., Mar. 1951, 47 (3), 134-40.—The theoretical basis of 
autothermic cracking is discussed, and the application of theory to the design of 
pilot plant and to the use of heat exchange between product and feed in the reactor is 
considered. From pilot-plant studies of the process, yields and product distribution 
obtained with varying ratios of air to hydrocarbon are presented and discussed for the 
processing of propane or ethane to make ethylene. Applications of these results to 
full-scale design are considered, and the advantages to be gained by the use of the 
process are noted. J.G.H. 


1879. The pyrolysis of n-propyl benzene and the heat of formation of ethyl radical. 
C. H. Leigh and M. Szware. J. chem. Phys., 1952, (3), 403-6.—Investigation of 
the pyrolysis of n-propyl benzene by the “ toluene-carrier ’’ technique revealed that 
it decomposes into benzyl and ethyl radicals, the latter then giving ethylene and 
hydrogen atoms. These hydrogen atoms then react with toluene to give H, or CH,. 
Reactions are summarized as follows :— 

C.H,.CH,.C,H, ——>C,H,.CH,’ + C,H, 

C,H, y 

C,H,.CH, + 

C,H,.CH, + H: + CH, 

C,H,.CH, + C,H,.CH,° + CH, 
Values are given for activation energy, the heat of formation of ethy! radical, and bond- 
dissociation energy, D(C,H, — H). E. J.C. 
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1880. The pyrolysis of »-butyl benzene and heat of formation of 7-propyl radical. 
C. H. Leigh and M. Szware. J. chem. Phys., 1952, 20 (3), 407-11.— Pyrolysis of n-butyl 
benzene results initially in C,H,CH, and C,H,CH,° radicals. The propyl radicals 
then decompose to give ethylene and methyl radicals. Activation energy, bond- 
dissociation energy D(C,H,.CH, — CH,.C,H,), and heat of formation ‘propyl 
radical were calculated. J. 


Polymerization 


1881. Polymerization of isoprene and 2: 3-dimethyl butadiene and copolymerization 
with styrene at —18° Cin emulsion. R.J. Orr and H. L. Williams. Canad. J. Chem., 
1952, 30 (2), 108-23.—Polymerizations were conducted in 8-0z peroxide bottles with 
punctured metal-screw caps in which the fibre gasket was replaced by a double rubber 
gasket consisting of an outer oil-resistant Koroseal sheet and an inner self-sealing 
butyl gasket prepared from uncured unpigmented sheet. After the reaction was 
stopped the degree of conversion of monomer to polymer was determined and 
the unreacted monomers removed from the latter by low-pressure steam. Latter 
was filtered through glass-wool to remove precoagulum and coagulated with iso- ‘ 
propanol. Rate of polymerization increased with purification of the monomers. It 
was possible that the dienes formed cyclic compounds or dimers in side reactions. 
The 1: 2-addition of the monomer decreased with decreasing polymerization temp. 
A study was made of the copolymerization of isoprene-dimethyl—butadiene with 
styrene at —18°C. From analyses of bound diene in the product at various con- 
versions and initial diene to styrene ratios, the reactivity ratios for these diene— 
styrene systems were calculated to be r; = 1°30 + 0°02 and r, = 0°48 + 0°01 for 
isoprene and styrene and r, = 0°92 + 0°02, r, = 0°42 + 0°02 for dimethylbutadiene 
and styrene (styrene always being considered monomer 2). @ and e values from the 
Alfrey-Price equation were calculated as Q = 1:09 and e = —0°181 for dimethyl- 
butadiene relative to Q = 1:0 ande = —0°'8 for styrene. From these and the values 
previously determined for butadiene, reactivity ratios for all combinations of the 
three dienes were calc. Chain transfer reaction between dienyl radicals and mixed 
tertiary mercaptans was studied, and it was found that isoprenyl and dimethyl- 
butadieny! radicals were much more reactive than butadienyl. The effect of this was 
illustrated by number and visc average mol weights. Intrinsic viscosities of homo- 
and co-polymers formed in a mercaptan-free recipe were measured and compared. 
8. B 


Special Processes 


1882. New carbon-black plant completes shakedown run. F. L. Resen. Oil Gas J., 
18.2.52, 50 (41), 114.—High abrasion carbon black is being produced at Continental 
Oil Black Co.’s new $2,000,000 plant at Lake Charles, La., at annual rate of 
25,000,000 Ib. 

A brief review of the process flow of the vaporized gas oil through the furnace-type 
plant is given. G. A. C. 


Metering and Control 


1883. How to control and measure a widely fluctuating industrial process gas load. 
W.C. Cameron. Oil Gas J., 12.5.52, 51 (1), 156.—The measurement of the gas load 
of the Coast Counties Gas and Electric Co. by orifice meter is described. Design 
considerations included single-volume control valves and instruments to smooth out 
the flow by delivering a controlled amount into a surge tank. Flow sheets for the 
operation of internal circuit of pressure controller and of instrument lines for tie-ins 
between various controllers are given. G. A. C. 


1884. Electronic measurement and control for industry. J. RK. Boundy. IJngenieur, 
9.5.52, 64 (19), 065-70.—A description is given of the Evershed electronic equipment 
as a means of measuring and controlling process variables such as liquid flow, pressure, 
liquid level, or interface and temp. The apparatus is based on the principle of force 
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balance, in such a way that a spring-loaded beam is held in equilibrium by the inter- 
action of a moving coil and a permanent magnet. As the physical quantity to be 
measured varies the spring tension, the resulting change in the moving-coil current is 
a measure of this variation. The physical quantity is thus converted into a small 
direct current, delivered to the measuring unit and eventually to the process controller, 
where it is compared with the desired value. Deviations are transmitted to a pneumatic 
servomechanism which adjusts the quantity to the desired value. As the currents are 
very small, the equipment is said to be intrinsically safe. G. 2. a0. 


PrRopwucts 


Chemistry and Physics 
1885. Detection of diatomic radical absorption spectra during combustion. R. G. W. 


Norrish, G. Porter, and B. A. Thrush. Nature, 1952, 169, 582.—Acetylene-oxygen 
explosions at 20 mm pressure, photosensitized by 1-5 mm nitrogen peroxide, have 
been spectrally examined at intervals of 20 microsec. The absorption spectra of CN 
and NH and the Mulliken and Swan bands of C, have been identified; and a band at 
4051 A is attributed to Cy. 

The spectrum changes in the molar concentration region Cs;H,:O, = 1:1. With 
oxygen-rich mixtures only the OH spectrum appears strongly; with acetylene-rich 
mixtures the C,, CH, and CN radicals appear strongly, and the NH radical is observed 
only at almost equimolar concentrations. H. C. E. 


1886. Systematic shifts in the ultra-violet absorption spectra of polycyclic aromatic 
hydrocarbons. W. F. Maddams. Nature, 1952, 169, 743.—Theoretical. Absorption 
spectra in the wave-frequency range 1 — 5 x 10cm"! have been employed in a study 
of the change in electronic-energy levels among the regular sequence of polyacenes— 
anthracene, naphthacene, pentacene, and hexacene; and the series—phenanthrene, 
chrysene, and picene. H. C. E. 


1887. On the viscosity of binary mixture of liquids. M. Tamura and M. Kurata. 
Bull. Chem. Soc. Japan, Feb. 1952, 25 (1), 32-8.—A new semi-empirical equation for 
the vise coeff of binary mixture of liquids has been derived, and the conclusion is 
reached that the assumption used in order to derive the equation corresponds to the 
Bethe—Fowler-Takagi approx for regular assembly qualitatively. The equations for 
fj and ¢ have been compared with the experimental values, and satisfactory results 
have been observed. (Authors’ Abstract.) W. 2.0. 


1888. Note on the ideal mixture law for viscosity. T. Ishikawa. Bull. Chem. Soc. 
Japan, Feb. 1952, 25 (1), 38-40.—Tests made with data in the recent literature show : 
(1) that the Ishikawa formula is superior to the formulas of Macleod, Drucker-Kassel, 
and Kendall, which are often used as an ideal mixture law for vise, and (2) that the 
extraordinary values of his formula in PbCl,-PbBr, and Na-K systems suggest the 
tendency of forming peritectic compounds of PbBr,3PbCl, and Na,K respectively. 
(Author's Abstract.) W. H.C. 


1889. New band system excited in acetylene. P.J. Dyne. Cunad. J. Phys., 1952, 80 
(1), 79-80.—The discovery of a new band system of acetylene when subjected to a 
high-frequency discharge through the fast-flowing gas is reported. It consists of 
about forty bands lying between % 2400 and 2 2900 superposed on a continuum which 
is strong at the long-wavelength end of the system, but weak compared with the bands 


at 42500. In addition to this systern bands due to C, and CH are prominent. A few 


of the 5B and fourth positive bands of CO overlap the new system, but these are weak - 
and easily distinguished. S. B. 


1890. New thermodynamic concepts bring theory and practice into agreement. N. P. 
Bailey. Chem. Engng, 1952, 59, 150-4.—A fresh approach is made to the thermo- 
dynamics of flowing systems. The PV term of the general energy equation is written 
as Pav. where v is the velocity fluid flow through a pipe of sectional area a. This is 
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differentiated to adv, which is a space change in the flow direction, and vda, which is 
an expansion normal to the direction of flow. The equations developed are applied to 
flow in ducts and from nozzles of liquid and compressible fluids. The connexion with 
cavitation and turbine problems is indicated. : D. H. 


1891. Methods of treating clays for use in the petroleum industry. N. Plavsic. Nafta 
(Yugoslavia), Jan. 1952, 3 (1), 18-22.—-Some physico-chemical properties, such as 
crystalline structure and base-exchange, of the most important clay minerals, kaolinite, 
montmorillonite, and attapulgite, are described, and the chemical and physical changes 
which take place during the treatment of these minerals in preparing bleaching earths, 
various catalysts, and alkali-activated bentonites are discussed. The opinion is 
expressed that from large deposits of montmorillonite clays in Yugoslavia, satisfactory 
commercial products could be obtained by adequate methods of activation. (Author's 
Summary.) 


Analysis and Testing 


1892. Statistical operating rule for analytical chemists. H. A. Leibhafsky, H. G. 
Pfeiffer, and E. W. Balis. Anal. Chem., 1951, 23, 1531-4.—A simple statistical rule 
relating to the precision of chemical analyses is presented and discussed. The rule 
specifies the establishing of the standard deviation, S, by replicate determinations and 
guarantees the result of a single determination to within +3S. A large number of 
results from the microcombustion of organic compounds have been re-examined, and 
3S limits for carbon and hydrogen have been suggested. Statistical analysis of the 
most comprehensive published investigation of constant-boiling HCl as an acidimetric 
standard has yielded 4 parts per thousand as the 3S limits, which means that the 
reliability of a single batch of this standard has been overrated in the literature. S 
is defined by the equation 


x, — & being the deviation from the mean of the ith of n determinations. J.5S. 


1893. Analytical standardization within a petroleum company. F. D. Tuemmler. 
Anal. Chem., 1951, 28, 1559-62.—Analytical standardization is a productive force 
towards improved testing practices only when those for whom it is intended are ‘ 
participants in, and have responsibility for, the standardization programme. In the j 
U.S.A. this is attempted by the Shell group of companies, and the effectiveness of the 
plan can be judged from the extent of utility of the Shell method series, the multi- 
volume collection of test methods prepared under such a programme. (Author's 
Abstract.) J.8. 


1894. Standard sample programme of the National Bureau of Standards. H. A. Bright. 
Anal. Chem., 1951, 28, 1544-7.—-The National Bureau of Standards programme on 
standard samples was initiated in 1905, and has grown steadily until to-day more than 
500 different standard samples of metals, ores, ceramics, chemicals, and reference 
standards are available for distribution to analytical and research laboratories. During 
the past year approx 22,000 standard samples were sold in the U.S. and abroad. 
A brief review of the various National Bureau of Standards standards and their uses 
is presented. The preparation, analysis, and certification involved in the establish- 
ment of standard samples of composition such as metals, ores, and chemicals are 
discussed. J.8. 


1895. Design and interpretation of interlaboratory studies of test methods. (. Werni- 
mont. Anal. Chem., 1951, 23, 1572—-8.—One of the activities of a technical group is 
to publish standard test methods that are believed to be reliable. At some stage 
during the adoption of these methods, collaborative studies are usually made in 
which samples of test material are tested in several different laboratories. It is not 
easy to interpret the results of such studies unless precautions are taken to specify 
the kind and number of replications used throughout the study. It seems appropriate 
to replicate inter-laboratory test studies by the method of random subsampling called 
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nested sampling. In this method the laboratories taking part in the study are con- 
sidered as a small random sample of a large number of laboratories. The analysts 
within each laboratory are a small sample of a large number of analysts. Finally, the 
replicate tests made by the same analyst are a small samnple of a large number of 
replicate tests, This experimental design makes it possible to estimate separately the 
variability of replicate tests, the variability of analysts within the same laboratory, 
and the variability among laboratories. The results of an inter-laboratory study on 
the determination of acetyl in cellulose acetate were used as an example. J.S. 


1896. Commercial development of primary standards. H. IF. Farr, A. Q. Butler, and 
8S. T. Tuthill. Anal. Chem., 1951, 28, 1534-7.—-The term “ primary standard ”’ is 
applied to chemical substances which by virtue of their purity can be weighed out and 
used directly either for standardizing a volumetric solution of unknown strength 
or for preparing a determinate solution of the substance itself. The impetus to the 
commercial development of primary standards was supplied nearly forty years ago 
by the National Bureau of Standards when it was arranged to issue primary standards 
for sale to American chemists. The first primary standard made available by the 
bureau was sodium oxalate. Some of the problems connected with the commercial 
preparation of this first standard sodium oxalate, which was made for the Bureau of 
Standards, are described. Other primary standards have been developed and made 
available by the Bureau of Standards. Primary standards have also been made 
available through normal commercial channels. Examples include arsenic trioxide, 
benzoic acid, potassium acid phthalate, potassium dichromate, sodium carbonate, and 
sodium oxalate. The criteria which primary standards should meet are given, as 
well as special requirements which must be considered in their commercial prepara- 
tion. Primary standards are analysed for impurities, and the purity factor is deter- 
mined by assay. Methods of assay are outlined briefly. J.S. 


1897. Modern techniques in petroleum testing. VI. Development of engine tests for 
lubricating oils. J. G. Withers. J.P. Review, 1952, 6, 3.—Examination of engine 
lubricating oils involves devising tests to forecast accurately the performance of 
oils in production engines under service conditions. Since such conditions vary 
widely, it is usual to employ difficult engines under the severest conditions. The 
main performance characteristics of a lubricating oil are: (1) piston-ring sticking, 
cylinder and piston lacquering, and ring-groove deposits ; (2) cylinder and piston-ring 
wear; (3) sludge deposition; (4) bearings corrosion; (5) combustion-chamber de- 
posits; (6) oil deterioration ; (7) filterability ; (8) foaming tendency; (9) lubricating 
value of the oil; (10) oil consumption. These characteristics are explained in turn. 
Engine-testing experience has been accumulated during the last twenty years, but 
only recently have serious efforts been made to standardize the procedure. The 
various engine-test units, starting with the single-cyl Caterpillar diesel engine, are 
described. Particular attention is directed towards testing lubricating oils used in 
reciprocating aircraft engines. 


1898. Four-Ball E.P. tester. D. K. Nason. Institute Spokesman, Mar. 1952, 15 
(12), 22-31.—The ** Mean Hertz Load ” test originated by the U.S. Naval Engineering 
Experiment Station for the evaluation of lubricants is described together with the 
Shell Four-Ball E.P. tester as employed for the test, standard procedure being out- 
lined. The need for increased test output without loss of quality has resulted in a 
modification of the test whereby the elimination of sear dia readings for two out of 
three balls for each of the twenty load conditions was effected. An alternative one- 
ball and three-ball loading was also investigated. Correlation of results so obtained 
indicated that reproducibility and precision were adequately maintained by the 
modified methods ; the one-ball procedure enabled test output to be doubled, while 
alternate load methods still further reduced test time and also consumption of test balls 
per lubricant. J.G.H. 


1899. Determination of nitrogen in shale oil and petroleum. Application of established 
methods. J.S. Balland R. Van Meter. Anal. Chem., 1951, 28, 1632—4.—An adequate 
method for the determination of nitrogen is highly important in the investigation of 
shale oils because of the large quantity of nitrogen present and the effect of nitrogen 
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compounds on the properties of the oils. The nitrogen contents of three samples, a 
shale oil and two fractions therefrom, as determined by seventeen different laboratories 
using their own nrethods, showed that there was no consistency of results among 
laboratories: Methods used included both Dumas and Xjeldahl, and micro-, semi- 
micro-, and macro-procedures. No clear superiority for any method or procedure 
was shown, but the macro-Kjeldahl procedure appeared the most promising. J. 8. 


1900. Determination of nitrogen in shale oil and petroleum. Effect of digestion 
temperature on Kjeldahl analyses. G. RK. Lake, P. McCutchan, R. Van Meter, and 
J.C. Neel. Anal. Chem., 1951, 28, 1634-8.—Investigation of the variables in the 
Kjeldahl! procedure for the determination of nitrogen has shown that the temp attained 
in the digestion of the sample was of prime importance. Too low a temp either 
requires too long a digestion time or fails to give good results, while too high a temp 
may result in loss of nitrogen. Adjustment of the amount of potassium sulphate in 
the digestion mixture to give the proper temp resulted in a procedure which has given 
satisfactory results on a large number of samples. The concept of a narrow temp 
range within which satisfactory results may be obtained by the Kjeldahl procedure 
permits modification of the standard procedure to meet requirements of special 
samples or conditions. J.8. 


1901. Determination of nitrogen in shale oil and petroleum. Evaluation of Dumas 
procedures by mass spectrometry. K. Van Meter, C. W. Bailey, and E. C. Brodie. 
Anal. Chem., 1951, 23, 1638-9.—Attempts to determine nitrogen in shale oil or its 
fractions by the Dumas micro-method generally resulted in high and variable results. 
The mass spectrometer was used to analyse the gases in the nitrometer. The presence 
of hydrocarbons and nitric oxide indicated that proper techniques were not being 
used in the combustion. The ability to detect extraneous gases and to identify them 
provides a tool by which the effectiveness of the procedure may be tested. Revision 
of the procedure until nitrogen only is collected in the nitrometer results in good 
analyses. In some instances corrections may be applied to nitrometer readings con- 
taining extraneous gases, so that acceptable results are obtained. J.S. 


1902. Determination of nitrogen in shale oil and petroleum basic nitrogen determined 
by titration with perchloric acid. KR. T. Moore, P. McCutchan, and D. A. Young. 
Anal. Chem., 1951, 28, 1639-41.—Differentiation of the nitrogen in shale oil and 
petroleum into basic and non-basic classification is of value in studying extraction 
procedures. A method was developed in which the basic nitrogen is titrated against 
perchloric acid in glacial acetic acid. Testing of a number of nitrogen compounds 
showed that of the two principal classes of nitrogen compounds in shale-oil distillates 
—pyrroles and pyridines—only the latter was measured by the titration. This 
titration procedure with perchloric acid can thus be used to differentiate between 
pyridines and pyrroles in shale-oil fractions. This differentiation is of considerable 
importance in the study of stability and gum formation. It can also be used for 
measuring the efficiency of removal of tar bases by extraction with aqueous mineral 
acids, J.8. 


1903. Aromatic molecular weight distribution and total aromatic content. Deter- 
mination of mass spectroscopy. H. E. Lumpkin and B. W. Thomas. Anal. Chem., 
1951, 28, 1738-40.—In a refinery producing motor gasoline and aromatic solvents, 
rapid and accurate determination of total aromatics and aromatic mol.-wt. groups 
is frequently necessary for refinery process control and for evaluation of pilot-unit 
products in process-development studies. The distillation, silica gel, acid absorption, 
and specific dispersion methods may become laborious. The mass spectral patterns 
for the aromatic compounds are sufficiently different from the other compound types 
in a hydrocarbon mixture to allow determination of aromatics only in a complex 
mixture. A procedure is presented which requires only 45 to 60 min and has an 
accuracy of about + 1%, for different aromatic mol.-wt. groups and for total aromatic 
content. The mol.-wt.-distribution determination feature, in particular, will effect a 
considerable saving in time requirements, as a distillation step must be employed 
with conventional analytical procedures in order to obtain similar information. 
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1904. Lithium grease ; detailed study by electron microscope. J. A. Brown, C. N. 
Hudson, and L. D. Loring. Institute Spokesman, Feb. 1952, 1§ (11), 8-17.—The 
value of the electron microscope in the examination of lubricating greases is stressed 
and the procedure for preparing specimens outlined, The application of the electron 
microscope to investigations of the composition variables in lithium greases, the effect 
of temp and oxidation on fibre structure, the break-down of fibre structure with 
mechanical work, and to investigations of the relation of various work tests to actual 
bearing use are described with illustrative micrographs. The work tests employed 
include those on the U.S. Navy worker, the ASTM worker, and the Shell roll tester. 
J.G. H. 


1905. Determination of carbon- hydrogen groups in high molecular weight hydrocarbons. 
By near-infra-red absorption. A. Evans and R. R. Hibbard. Anal. Chem., 1951, 
23, 1604-10.—-A previously reported method of determining methyl (CH,), methylene 
(CH,), and aromatic CH groups in hydrocarbons by near-infra-red absorption spectro- 
scopy was limited to compounds containing 18 carbon atoms or less. The present 
investigation was undertaken to determine the feasibility of extending the analytical 
method to a higher-molecular-weight range. Near-infra-red spectra (1°10 to 1°25 w) 
of twenty-four hydrocarbons containing 13 to 34 carbon atoms and representing 
various hydrocarbon types were obtained. Absorption per functional group was 
found to remain nearly constant for compounds of the same type, and unit absorption 
coefficients calculated from the spectral data agreed closely with coefficients deter- 
mined previously with entirely different groups of compounds. Agreement of absorp- 
tion coefficients indicates that the average number of each of these three types of CH 
groups can be determined in samples containing any number of compounds of a 
single hydrocarbon type. Saturate fractions from five lubricating oils were analysed 
to give reasonable results, and the results from the analysis of paraffin wax and poly- 
styrene agree with the generally accepted structure for these products. No other 
method is known which will yield similar analytical data. J.8. 


1906. Quantitative determination of natural rubber hydrocarbon by refractive index 
measurement. RK. J. Fanning and N. Bekkedahl. Anal. Chem., 1951, 28, 1653-6.— 
Rubbers from different sources vary considerably in rubber hydrocarbon content, 
from 70°, or less in some of the wild varieties to about 95% for a good grade of planta- 
tion rubber. A new procedure for the quantitative determination of this hydrocarbon 
has been developed, which involves the measurement of the refractive index of a 
solution of a known weight of acetone-extracted rubber in a known weight of 1-bromo- 
naphthalene. From the observed data and from previously determined or known 
physical constants, such as densities and refractive indices of the rubber hydrocarbon 
and the solvent, the percentage of the hydrocarbon in the original sample can be 
calculated. The new method gives results as good as or better than other existing 
methods, and is simpler and less time-consuming to perform. J.8. 


1907. Measurement of refractive index of elastomers. A. Arnold, I. Madorsky, and 
L. A. Wood. Anal, Chem., 1951, 28, 1656-9.-A procedure for the measurement of 
the refractive index of elastomers, especially GR-S synthetic rubbers, by means of 
an Abbé-type refractometer has been developed which takes advantage of the inherent 
adhesiveness of most elastomers. This adhesiveness enables the polymer to “ wet’ 
the prism of the refractometer without the use of a contact liquid. A detailed study 
has been made of the precision obtainable with GR-S polymers using the Abbé-type 
refractometer with an incandescent light source. It was found that the standard 
deviation corresponding to variability of a single random determination was 0-00007. 
The method has been used for several years as the basis for the determination of 
bound styrene in copolymers of butadiene and styrene, and is currently employed for 
control purposes in the government-owned synthetic-rubber plants. It has also been 
used for determining the per cent of rubber hydrocarbons in natural rubber and for 
locating second-order transition temp of natural and various synthetic rubbers. 
Common sources of error are discussed and methods of minimizing these errors given. 


J.8. 
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1908. Simplified semimicro aniline point test. J. M.Chevet. Anal. Chem., 1951, 23, 
1703-4.—-The ASTM procedure for determining aniline points requires a rather large 
amount of sample, and a ‘ scaled-down ”’ version of this procedure requiring only 
0-2 ml of sample has been developed. A 20 gauge B and 5 copper—constant and thermo- 
couple with clay separators is substituted for the usual ASTM aniline-point thermo- 
meter, it also serves as a stirrer. The modified technique may be used on any hydro- 
carbon product, provided the sample is light enough in colour to allow the change from 
condition of miscibility to turbidity to be observed satisfactorily through the test- 
tube. Observation of the aniline point of slightly darker samples is facilitated by 
placing a small light behind the apparatus. The results indicate a repeatability 
similar to that of the ASTM method—namely +0°2° C and a reproducibility (different 
operator and different apparatus) of + 0°4° C. J.8. 


1909. Emission spectrographic standards. B. F. Scribner and C. H. Corliss. Anal. 
Chem., 1951, 28, 1548-52.—Spectrographic analysis, basically a comparative method, 
requires standard samples matching test samples in composition, form, and physical 
condition. Certain non-metallic standards, such as ores, glass, and minerals, prepared 
for use in chemical analysis often serve equally satisfactorily for spectrographic 
analysis. For high speed and high accuracy in the analysis of metals and alloys 
standards are required in forms suitable for direct use as electrodes, i.e., rods or plates. 
Careful attention is given to the preparation and testing of these standards to ensure 
chemical and physical uniformity. Studies are made of longitudinal and radial 
homogenity, and if satisfactory the standard is submitted for co-operative analysis, 
which may include determinations by chemical as well as spectrographic methods. 
After the composition has been determined the standard is compared spectrographi- 
cally with similar standards to observe its behaviour in analytical applications. This 
consistency test serves as a final check on possible errors in the assigned composition, 
interferences in the spectrographic procedure, or effects on physical conditions of the 
metal. The preparation, testing, and certification of typical standards of steel, alu- 
minium, and tin are described. Possible developments in the large-scale production 
of cast-metal standards are discussed. J.8. 


1910. Spectrographic determination of lubricating oil additives. J. P. Pagliassotti 
and F. W. Porsche. Anal. Chem., 1951, 23, 1820-3.—-A spectrographical method has 
been developed for the direct and rapid determination of phosphorus, zinc, barium, 
and calcium in lubricating oils and additive concentrates for phosphorus. Important 
features of the method include the use of the magnesium salt of 2-ethylhexoic acid 
as @ spectrochemical buffer and nickel as an internal standard. The presence of each 
additive element being determined has no effect on the determination of others. The 
source of the base oil used in compounding the oil, as well as the vise of the oil, has 
no effect on the analysis. The procedure, which is fast, simple, and accurate, is used 
for plant-control blending. J.8. 


1911. Rheological studies and electron microscopy of calcium stearate-cetane gels. 
R. D. Vold, H. F. Coffer, and R. F. Baker. Institute Spokesman, Jan. 1952, 15 (10), 
8-17.—Data are presented on the behaviour of calcium stearate-cetane gels under 
mechanical working, starting with both quenched and slow-cooled systems, and on 
the effect of water content and ageing on the yield value. Electron-microscope samples 
were obtained by slicing frozen blocks of the gel, and comparison was also made by 
smearing the gel between glass slides and removing the cetane by various alternative 
procedures. J.G. H. 


1912. Isoquinoline in chemical microscopy. H. I. Schaeffer. Anal. Chem., 1951, 
23, 1674—5.—Although many heterocyclic nitrogen compounds, including quinoline, 
are useful for the detection of various ions, no previous workers have reported dn 
microchemical applications of isoquinoline. A procedure has been developed whereby 
tsoquinolinium hydrochloride, in the presence of thiocyanate ion, can be employed 
for the micro-detection of zinc, cadmium, copper, and cobalt because each yields 
characteristic micro crystals with the reagent. One advantage of the reagent is the 
ease with which cobalt and copper can be detected in the presence of each other and 
of nickel. Positive tests can be obtained on a drop of solution, with the copper con- 
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centration as low as | part in 15,000 and the cobalt concentration as low as 1 part in 
4000. For zinc the sensitivity approximates that of copper, but for cadmium it is 
only approx one-tenth as great. Silver, mercury, iron, bismuth, and antimony inter- 
fere in the above tests. J.8. 


1913. Fluorescent indicator adsorption method for hydrocarbon-type analysis. D. W. 
Criddle and R. L. Le Tourneau. Anal. Chem., 1951, 28, 1620-4.—The olefin and 
aromatic hydrocarbon-type components from petroleum cracking and reforming 
processes are not adequately determined by any of the simpler existing procedures for 
hydrocarbon-type analysis. The paper presents a rapid and accurate adsorption 
method for the hydrocarbon-type analysis of all gasolines or hydrocarbon mixtures 
boiling below 500° F. It is especially suited to highly olefinic gasolines, and offers a 
simple, direct method for the determination of the vol-°% of aromatics, olefins, and 
saturates (paraffins and naphthenes). 

The method involves the use of a newly designed chromatographic column and a 
fluorescent dye mixture which enables the saturate—olefin and the olefin-aromatic 
boundary to be visually observed under ultra-violet light. It is more reliable than 
the bromine number method for olefin analysis. Saturates, olefins, and aromatics 
can be determined accurately to 1%. Application of the dyes to the study of adsorp- 
tion-column variables in the analysis of petroleum stocks other than gasoline are 
briefly discussed. J.S. 


1914. Identification of petroleum products by chromatographic fluorescence methods. 
J.A. Schuldiner. Anal. Chem., 1951, 283, 1676-80.—Petroleum products can be easily 
identified by chromatographic fluorescent methods. The sample to be tested is 
applied to a piece of white unbacked blotting-paper, which serves as an absorption 
medium, the chromatogram allowed to develop, and then examined under ultra-violet 
light. The relative areas covered by the central spot, the consecutive ring formation, 
the scalloped effect, the ray formation, and the fluorescence colours and shades are 
characteristic, and serve as a means for identifying different products. The speed of 
formation of the chromatogram with oils of medium vise is enhanced by heating the 
blotting-paper, on which the oil is spotted, in an oven at 100° to 150° C, and extremely 
viscous and semi-solid materials are dissolved in a suitable non-fluorescing solvent. 
This fluorescence method and its visual pattern have been applied to the forensic 
problem of harbour and beach pollution with fuel and lubricating wastes. The source 
of crude petroleums can be identified similarly. J.S. 


1915. Analysis of the system water-benzene-methyl ethyl ketone. By means of a high 
frequency oscillator. P.W. West, T. Robichaux, and T.S. Burkhalter. Anal. Chem., 
1951, 28, 1625-7.—The system water-benzene-methyl ethyl ketone can be success- 
fully analysed by means of a high-frequency oscillator. Only 25 ml of sample are 
required, and the analysis takes only 5 min of the operator’s time. The method is 
sufficiently accurate for most plant-control requirements. J.S8. 


1916. Sulphur determinations with a modified Lindberg high frequency combustion 
furnace. A. C. Holler and R. Klinkenberg. Anal. Chem., 1951, 28, 1696-7.—The 
original Lindberg high-frequency combustion unit gave erratic sulphur contents. 
These poor results were traced to the aluminium-alloy dome cap and the metal spring 
of the dispersion plug, and were probably due to the attack of the metallic parts by 
the SO,, liberated during the combustion. On substitution of a borosilicate dome cap, 
accurate sulphur values were once more obtained. <A plug of glass wool was found 
to be very efficient in removing the metallic oxides from the gas stream. It is also 
necessary to cover the sample with the correct amount of alundum. Accurate 
results were obtained for coal and coke when tested by this method. J.8. 


1917. Estimation of sulphur in petroleum products. Electrical device for use in deter- 
mining sulphur by the lamp method. ©.R. Brown. Anal. Chem., 1951, 28, 1659-62.— 
When estimating sulphur by the lamp method it has been customary to burn a rela- 
tively large sample in order to produce sufficient acid for a suitable titration. This 
procedure is fairly satisfactory when a fuel of low sulphur content is being tested, 
but when the sample contains a high sulphur content this necessitates a long titration. 
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To overcome these difficulties a conductivity cell was constructed with the area and 
spacing of the platinum electrodes to give, at a potential of 1°0 V direct current, a 
meter reading of approx 01 mA for each 0°0624 equivalent of sulphuric acid produced 
in the absorbing solution. The latter is equivalent to 1 ml of 0:0624N-sodium hydr- 
oxide (1 ml = | mg of sulphur), the usual titrating solution used in routine testing. 
Thus the meter reading provides a convenient means for approximating the acidity 
of the solution. The device has proved satisfactory in routine use. The method 
provides a control on the amount of sample to be burned, allows for quick estimation of 
the sulphur content, and gives an independent check upon conventional titration 
results. J. 8. 


1918. Modern techniques in petroleum testing. VII. Estimation of sulphur in 
petroleum. D. Harvey. J.P. Review, 1952, 6, 41.—Although petroleum products 
contain many types of sulphur compound, normal routine analysis is confined to 
determining total sulphur, mercaptans, elemental sulphur, and hydrogen sulphide. 
Thiophene and carbon disulphide, although only rarely present in natural petroleum, 
are estimated in exceptional cases. Total sulphur is determined by the lamp method, 
the bomb method, and the quartz-tube method. Each of these methods is particu- 
larly applicable to different products. Current variations of these methods are de- 
scribed, and innovations, including X-ray technique, mentioned. Mercaptans are 
usually estimated by the “ Doctor’ Test (titration with silver nitrate), but different 
modifications of the end-point technique are discussed. Elemental sulphur is deter- 
mined in both the U.K. and the U.S. by the copper-strip corrosion method. Again 
variations are described in detail. A number of methods of determining thiophene 
(colorimetrically) and carbon disulphide (by titration and colorimetrically) are also 
given. R. H. 


1919. Microdetection of sulphur. L. P. Pepkowitz and E. L. Shirley. Anal. Chem., 
1951, 23, 1709-10.—This method is applicable to sulphur in any form, including 
sulphate, sulphide, or elemental sulphur. The procedure is based on the use of a , 
reducing mixture (HCI + HI + H,PO,) which converts the sulphur directly in most ' i 
materials to hydrogen sulphide on gentle heating. The evolved hydrogen sulphide 
is absorbed in an acidic ammonium molybdate—potassium thiocyanate solution. The F 
molybdate is reduced, and red molybdenum thiocyanate is produced. Acetylene or 
sulphur dioxide do not produce the red coloration, and arsenic, antimony, selenium, 
and tellerium do not interfere with the test. Nitrates interfere by oxidizing the H,S 
to elemental sulphur in the condenser, and must be removed. The method is sensitive 
to 0°5 micro-grams of sulphur, and samples of lubricating oils, sulphur-containing 
dyes, penicillin, and thiophene have been tested in this manner. J.8. 


1920. Determination of thiols in hydrocarbon gases. E. W. Ellis and T. Barker. 
Anal. Chem., 1951, 28, 1777-9.—-A method has been developed for the determination 
of thiols in hydrocarbon gases, making use of reagents that require very infrequent a 
restandardization. The method involves the oxidation of thiols in a measured ; 
volume of gas with excess cupric acetate—acetic acid solution and back-titration of the i 
excess cupric ion with sodium thiosulphate in the presence of potassium iodide and 

starch. Reproducibility is well within 0°10 and accuracy 0:2 grain of thiol, calculated 

as sulphur per thousand cu. ft. of gas. The cupric acetate method is applicable to 

natural gas, L.P.G., and refinery gas streams containing only butane and lighter 
hydrocarbons. It will serve as a check on thiol concentrations when stench is added 

to commercial fuel gases or the effectiveness of sodium hydroxide scrubbers for re- 

moving thiols from refinery gas streams. J. 8. 


1921. Dielectric constant measurement for continuous determination of toluene. 
B. W. Thomas, F. J. Faegin, and G. W. Wilson. Anal. Chem., 1951, 28, 1750-4.— 
In the field of instrumentation considerable attention is being given to the develop- 
ment of methods for continuous indication and recording of the content of particular 
components or component types in industrial process streams. An apparatus has 
been designed for the continuous determination of toluene in a petroleum refinery 
stream. It is based on the measurement of dielectric effect, by determination of the 
difference in frequency between a fixed oscillator and a variable oscillator that con- 
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tains as an integral part a condenser cell filled with the flowing stream. Accuracy of 
toluene determination is impaired by fluctuations in the ratio of paraffins to naphthenes 
in the non-aromatic fraction of the sample. The instrument can also be used for the 
measurement of xylenes. J.8. 


: 1922. Evaluation of tread wear. D. G. Stechert and T. D. Bolt. Anal. Chem., 1951, 
23, 1641-6.--A method of analysing tread-wear measurements is based on the hypo- 
thesis, substantiated by test results gathered during 24 years, that the log-log graph 
of tread-depth loss versus mileage is linear. A single tyre-wear rating, independent 
of mileage, can be determined; this is considerably more reliable that the usual 
ratio of depth loss per mile at a certain mileage. The proposed method of analysis 
allows for more economical utilization of a tyre fleet and a more rapid turnover of 
ideas. J.8. 


1923. Non-destructive ageing tests for rubber. R. F. Shaw and 8. R. Adams. Anal. 
Chem., 1951, 28, 1649-52.—-Conventional measurements of rubber properties before 
and after artificial ageing fail to correlate with the service life of rubber articles. Non- 
destructive test methods based on the change of electrical resistivity or of the strain 
produced by a given stress at varying time intervals on the same specimen have been 
devised for correlating natural ageing with accelerated ageing and service life. 

J.58. 


1924. Knock rating of small samples. KR. H. Stacey. ASTM Bull., Feb. 1952 (180), 
21.—The necessity for the evolution of a knock-rating method for motor fuels which 
could be carried out with a small sample of fuel is remarked, and notes are presented 
on the activities on the Micro-Method Study group set up under Section C of Research 
Division 1 on Combustion Characteristics of ASTM Committee D-2. Modifications 
necessary in Model 501 Detonation Meter and in the fuel system are briefly described, 
and results of preliminary co-operative tests summarized. J.G. H. 


1925. Laboratory for durability studies. Anon. Paint Manfr, May 1952, 22 (5), 


180.—-A special laboratory is described, designed and constructed by the Building 


Technology Division of the U.S. National Bureau of Standards and developed primarily 
for study of organic coating materials such as asphalts, tars, and paints, and meeting 
requirements of most materials exposed to weathering. G. A. @, 


1926. Paint laboratory equipment. Anon. Paint Manfr, May 1952, 22 (5), 169.- 
A number of instruments and types of apparatus which have been developed for use 
in the paint laboratory are reviewed. Equipment includes spectrophotometers, a 
surface-finish inflammability-test apparatus, a wet-film thickness gauge, mills, mixers, 
binocular microscope, pneumatic infra-red detector, anti-vibration table, and a 
tintometer. G. A. C. 


1927. Paint viscosity meters. KR. Quarendon. Paint Manfr, May 1952, 22 (5), 163.— 
The various types of vise meters employed in)control laboratories and paint works, 
their functions, limitations, and fields of usefulness are described. 

Among types discussed are capillary and efflux viscometers, falling-sphere and bubble- 
type instruments, rotational interchemical and mechanically operated tortional 
viscometers, and the Fischer electro viscometer. G. A. C. 


Gas 


1928. Chemical utilization of natural gas. ©. Padovani. Riv. Comb., 1952, 6, 84- 
104.—Hydrocarbons from natural gas will in future be playing the part of protagonists 
as a base material for chemical syntheses based on hydrocarbons. 

By pyrolysis they may produce hydrogen, elementary carbon, or unsaturated 
hydrocarbons such as ethylene, acetylene, or benzene. 

By incomplete oxidation in the presence of water vapour, air, oxygen, or metallic 
oxides, they may produce mixtures of carbon monoxide and hydrogen of the water-gas 
type, from which the higher hydrocarbons, oxygenated compounds, ammonia, etc., 
can be synthesized. 
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Combining the oxidation and pyrolysis processes, high-quality carbon-black and 
also acetylene can be obtained. 

By controlled oxidation, particularly of hydrocarbons higher than methane, alde- 
hydes, alcohols, etc., can be obtained. 

Finally, hydrocarbons from natural gas may be subjected to various chemical 
treatments such as chlorination, reaction with ammonia and air to obtain hydro- 
cyanic acid, nitration, sulphuration, etc. 

The author gives an account of the work performed in this field by himself and his 
colleagues. (Author's Summary.) 


1929. Synthesis gas production by partial oxidation of methane. M. Radancevic. 
Nafta (Yugoslavia), Jan. 1952, 3 (1), 5-11.—-Data are given for the partial oxidation 
of methane with pure oxygen. Before starting the experiments, the equilibrium 
conditions from available thermal data were calculated and presented. 

Experimentally, the reaction was carried out thermally and catalytically. For the 
thermal conversion a temp above 1300° C is necessary, but in the experiments described 
only temp up to 110° C were used. The investigations of the thermal and catalytic 
conversion of methane were carried out. Catalyst, in the form of nickel nitrate, was 
precipitated on silica gel as a carrier, dried, put into the reactor tube, heated in an air 
stream above 500° C, and reduced with pure hydrogen at the same temperature. 

The following reaction variables were investigated : inlet gas rate; molal oxygen/ 
methane ratio; temp optimum; percentage of metal catalyst on support; various 5 
supports for metal catalyst ; preparation of catalyst. 

These data are presented in tabular form, from which it emerges that the oxygen/ 
methane molal ratio must be over its stoichiometric value. Optimum temp in the 
catalytic reactions were 850° C, and optimum percentage of metal catalyst on the 
support is about 35%. Best support investigated was silica gel. As promoter, 
copper oxide, precipitated from a nitrate solution, proved to be successful. (Author's 
Summary.) | 


1930. Chemical utilization of methane. G. Fanser. Riv. Comb., 1952, 6, 63-83.— 
The present state of the chemical applications of methane is viewed. Its use in the 
production of carbon black, for the synthesis of acetylene, hydrocyanic acid, halogenic 
compounds, etc., and for the production of synthesis gas for catalytic conversion with 


water or oxygen. 

In view of Italy’s considerable present and future supply of methane, the author 2 
points out the developing possibilities of this branch of chemical industry in that : 
country. (Author’s Summary.) 


Engine Fuels 


1931. Melchett Lecture for 1951. Combustion processes in engines. I. H. Garner. 
J. Inst. Fuel, Mar. 1952, 25 (142), 66..-Combustion processes are essentially the same 
in the spark-ignition engine, C.I[. engine, and the gas turbine. The first-named is 
concerned primarily with a vaporized fuel ‘air mixture (usually rich), the C.I. engine 
with liquid fuel spray /air mixtures (usually lean), and the gas turbine again with a 
fuel spray but operating at lower pressures on a very lean fuel/air mixture. Due to 
its rapidity, the combustion process is very complex. Hydrocarbon combustion in 
the absence of flame is a complicated series of chain reactions, and in an engine the 
presence of flame introduces further complicating factors, ¢.g., turbulence, effects of 
heat transfer, and radical transfer from the flame. 

A brief historical review is presented of the work done on combustion processes in 
the three types of engine discussed. Similar problems occur in all types of engine. 
The work on combustion carried out in the Chemical Engineering Department of 
Birmingham University covers flame speeds, carbon formation during the combustion 
of hydrocarbons, and work more particularly concerned with each type of engine. 
A programme of work was undertaken on vapour-phase oxidation of n-heptane, iso- 
octane, methyleyclohexane, and toluene as representative of the types of hydrocarbon 
present in commercial spark-ignition-engine fuels. Work on combustion in C.I. 
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engines was directed towards a study of the improvement of cetane ratings by the use 
of additives, and the effect of these additives on the chemical reactions immediately 
preceding ignition. These reactions were studied by analysis of the combustion 
products from the combustion chamber. Further work is directed towards obtaining 
larger samples to give more accurate analyses. In gas turbines the general combustion 
behaviour of hydrocarbons of different types under conditions similar to those in an 
aircraft gas turbine was studied. D. K. 


1932. The problem of burning residual oils in gas turbines. P. Lloyd and R. P. Probert. 
Proc. Inst. Mech. Engrs W.E.P. Nos. 55-62, 1950, 163, 206-20.—The special problems 
that arise in the burning of residual oils in gas turbines are: the efficient combustion 
of the solid particles to which these fuels give rise, the avoidance of ash deposits, and 
the protection of turbine blades and other components from corrosion effects peculiar 
to these fuels. These problems and the methods which are being considered for solving 
them are described and discussed. It is shown that the burning of such fuels is not 
the greatest difficulty, as the burning can be carried out efficiently in properly designed 
equipment. What is difficult is the avoidance of ash deposition and the secondary 
effects, notably blade corrosion, to which this deposition gives rise. WE. O. 


1933. ‘* Auricula’s *’ 5} years on boiler fuel. Anon. Motor Ship, May 1952, 

(386), 57.—The ship was placed in commission in August 1946, and since then has 
bunkered different commercial grades of boiler fuel at fifty-six bunkering ports in both 
hemispheres. Two sets of fuel-valve nozzles are used, one for fuels of from 40 to 
1500 sec and the other for fuels of from 1500 to 3500 see vise. Fuel-injection pressure 
varies between 5000 and 7200 p.s.i.; fuel is heated to,180° F and passes through two 
De Laval centrifugal machines (a purifier and a clarifier), the amount which is dealt 
with representing half the rated output of the separators. No limit is placed on the 
amount of sulphur in the fuel bunkered, which had been as high as 34%; there has 
been no sign of any ill effect on the engine. Auricula has been dry docked only once 
annually instead of every nine months, which is the usual practice. Details are given 
of cylinder liner wear for the main engine. Saving in fuel costs has been £61,000 


compared with diesel oil, and £5,000 has been saved by docking less frequently. 
U. M. 


1934. Burning of boiler fuel in a marine diesel engine. Anon. Engineer, 1952, 193, 
577-8.—After successful shore experiments burning heavy fuel oil in a single-cyl 
diesel engine, Anglo-Saxon Petroleum Co.’s tanker Auricula has operated for a number 
of years with its main engine burning fuel oil of visc 1500 Red. I see at 100° F, in- 
creasing during the last year or so to 3500 sec max at 100° F. Injection temp for 
oil above 2500 sec vise is 210° F, vise of fuel then being about 165 sec. Fuel passed 
through De Laval purifier and clarifier in series, removing 12 lb impurities for every 
15 tons of 3000-sec fuel. Mechanical condition of engine after these operations was 
satisfactory, and saving in fuel cost compared with dist fuels considerably greater than 
cost of installing equipment for heavy oil burning. Sulphur content of heavy fuel 
up to 3°5% not detrimental, up to 5° now considered acceptable. A. C. 


Gas Oil and Fuel Oil 


1935. Heavy fuels for medium-sized marine and stationary diesel engines. Anon. 
Gas Oil Pwr, 1952, 47, 75.—The performance, rate of cyl-bore wear, and fouling were 
compared for five grades of fuel burned in a loop-scavenged, two-stroke engine with 
cyl of dimensions 8 inches and 12 inches bore and stroke respectively, running at 
428r.p.m. It was found that fuels of high S content gave rise to sulphuric acid in the 
erank chamber, and centrifuging of the oils did not materially reduce wear. The 
conversion of a sea-going ship to burn heavy fuel would be justified only on an experi- 
mental basis. Pre-treatment of the fuel would seem to be essential, and a suitable 
form of separator is discussed. 

An opinion was expressed that the direct-coupled slow-running engine will not be 
used in the future for ship propulsion, and its place will be taken by numbers of small 
high-speed engines. H. C. E. 
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Lubricants 


1936. Oil deterioration in theory and practice. K.G. Larsen and H. Diamond. Lvbr. 
Engng, Dec. 1951, 7 (6), 262-6, 281.—Deterioration in lubricating oils is caused by the 
evolution, during slow oxidation, of small quantities of compounds which remain in 
the oil and impair its effectiveness. The theory of oxidation is discussed and the 
action of catalysts explained; the effects of oxidation are enumerated, methods of 
prevention, including the use of deactivators, indicated, and ways of counteracting 
oxidation described. The application of these methods to the protection of hydraulic 
machinery, torque converters, transformers, heat-transfer, and metal-tempering 
equipment is outlined. J.G. H. 


1937. Chemistry of fats. D. F. Daubert. Institute Spokesman, Nov. 1951, 16 (8), 
8-11.—A brief discussion of the chemistry of fats, with sections on saturated and 
unsaturated fatty acids, autoxidation, sap. val., and iodine values. J.G.H. 


1938. Analysing wheel grease complaints. D. G. Proudfoot. Institute 
Spokesman, Dec. 1951, 15 (9), 8-17.—An assessment is attempted of the causes of 
cases of wheel-bearing failure reported where grease has been used as the lubricating 
medium. These are attributed to failures in the complex mechanism of anti-friction 
bearings, contamination of the lubricant in storage, during application or on the 
actual bearings, lack of attention to mechanical details, use of excessive amounts of 
lubricant, and, in comparatively few cases, to the nature of the lubricant. In the 
last-mentioned case storage stability and the insistence on greases for special purposes 
complying with a general specification present particular problems. é.@. Hi . 


1939. Steam cylinder lubrication. D.A.E. Smith. Scientific Lubrication, Feb. 1952, 

4 (2), 15-23.—The functions of the lubricant in steam reciprocating engines are briefly \ 
discussed and methods of application enumerated. The special properties called for i 
in a cylinder lubricant are indicated, problems occasioned by variations in temperature 
and pressure are considered in relation to lubricant selection, and suggestions for 
dealing with deposit formation, grooving, and excessive wear are presented. 

J. 


G. H. 
1940. Steam turbine lubrication. A. 8S. Morrow. Lubr. Engng, Feb. 1952, 8 (1), 


10—13.—The design of lubricating systems for steam-turbine installations is considered t 
with special reference to the use of filters with additive-containing oils. The char- 5 
acteristics of the oils used are discussed and vise recommendations for various type 
units tabulated. The cleaning of turbine lubrication systems and methods of oil 
sampling and testing are briefly touched upon. J.G.H. 


1941. Lubrication in the textile industry. K.M. Lowry. Lubr. Engng, Feb. 1952, 
8 (1), 18-20.—The basic problems of textile-mill lubrication are noted as the lubrication 
of components, personnel training, and the setting up of maintenance schedules for ; 
new machinery. The lubrication of bearings and gears and the effective use of bearing 3 
seals is considered in detail; the respective fields of responsibility for lubrication of 
the lubricant company, management, and the textile-equipment manufacturer are 
indicated. J.G. H. 


1942. Military lubricants, their consolidation, and requirements. C. W. Kelley. 
Institute Spokesman, Feb. 1952, 15 (11), 20-6.—The organizational basis for the 
standardization of lubricants for the U.S. Armed Forces is outlined, and details are 
presented of official indexes to specifications. The desirability of standardization and 
consolidation of specifications is stressed, with examples from corrosion preventives, 
general-purpose greases, and gear lubricants. J.G. H. 


1943. Dispensing equipment. E. J. Gesdorf. Lubr. Engng, Dec. 1951, 7 (6), 266— 
71.—The importance of relating dispensing equipment to the lubrication system as a 
whole is stressed, and simple oiling and greasing devices are described, together with 
mist lubricators, mechanical force-feed lubricators, circulating-oil systems, and 
centralized systems for oil and grease lubrication. Lubricant handling and transfer 
equipment are also briefly described. J.G.H. 
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1944. Study of rust preventive properties of greases. K. J. Burger, B. Rubin, and 
E. M. Glass. Lubr. Engng, Feb. 1952, 8 (1), 21-7, 46.—Corrosion of aircraft wheel 
bearings, both in operation and in storage, where lubrication was effected with AN-G-15 
greases has been the subject of numerous complaints, and has resulted in the substitu- 
tion of AN-G-5a grease as an effective interim measure. Following these occurrences, 
an investigation was undertaken, of which the present study constitutes an interim 
report, of the factors affecting the corrosion-preventive properties of greases, with 
the object of developing laboratory tests for the prediction of the degree of corrosion 
protection afforded by various greases. Laboratory evaluation of a series of greases 
was carried out with a humidity cabinet and with finger-print-rubber-glove tests. 
Service tests on planes carrying out normal duties were made, and showed close 
agreement with laboratory findings. The greases complained of exhibited an apparent 
structural change during service tests which may partially account for their unsatis- 
factory performance. Silicone greases and AN-G-25 greases, with the exception of 
the glycol-diester type, showed good corrosion-protection properties. Factors which 
appeared to be useful from the standpoint of corrosion prevention included high alkalin- 
ity, a high-vise or high-polarity oil component balanced with the proper degree of 
water emulsifiability, resistance to undue hardening in use, and added inhibition as 
provided by certain additives. An increase in free-acid content during use was found 
to be not significant. J.G.H. 


1945. Dopes and additives. A. Zwergal and H. Umstatter. Erddl u. Kohle, 1952, 5, 
177-80, 237-40.—Distinction is made between dopes (used in quantities <1%) and 
additives (employed in larger amounts). Literature is reviewed under following 
headings: inhibitors; activators and de-activators; anti-knock agents; heavy duty 
additives; E.P. additives; pour-point depressors; V.I. improvers; voltolized oils. 
Purpose of each group is outlined, mechanism of action discussed and typical examples 
quoted. Ninety references. Vv. B. 


1946. Lubricating and cooling of cutting tools. Anon.. Engineer, 1952, 198, 535.— 
Cutting speeds can be doubled, and life of high-speed-steel tools increased from six 
to twelve times and of carbide tools from three to five times, by use of “* Hi Jet ”’ oil 
and ‘** Hi Jet” lubricating and cooling system. Jets of special oil are directed on 
cutting edge from below (not from above as is normal) at 400 p.s.i., improving lubrica- 
tion. Oil is partly vaporized, hence cooling effect. Development of special oil 
involved testing more than fifty oils and additives. Accelerated test conditions 
chosen so that each tool failed in three to six min when cutting without lubricant. 
A. C. 


1947. Petroleum sulphonates in grease manufacture; a review of the patent literature. 
R. K. Rhodes. Institute Spokesman, Nov. 1951, 16 (8), 14-15.—The functions of 
petroleum sulphonates in grease manufacture are discussed with special reference to 
uniform composition, solubility, and stability. B. 


Bitumen, Asphalt, and Tar 


1948. Durability of asphaltic bitumen as related to rheological characteristics. S. L. 
Neppe. Trans. S. African Inst. Civil Engrs, Apr. 1952, 2 (4), 103-28.—An extensive 
study is reported, covering the durability of asphaltic bitumen as related to rheological 
characteristics. Six new methods for evaluation which have been evolved by the 
author are described and discussed. These are: (1) viscosity No.—relating vise at 
any one of three temp 140°, 158°, and 176° F to bitumen pen at 77° F; (2) soft. pt. 
No.—relating R and B soft. pt. to pen; (3) soft.-pt.-vise No.—relating vise at 140°, 
158°, or 176° F to soft. pt.; (4) fluidity characterization factor—based on abs vise vs 
temp relationships over a wide range of temp from 77° to 275° F or higher; (5) pene- 
tration susceptibility factor—being the temp range over which pen changes from 
100 to 10; (6) ductility susceptibility factor—being the temp range over which ductility 
changes from 100 to 1. The data given amply support the author’s concept of soft.-pt. 
No. as a measure of bitumen stability. Soft. pt. No. is a rheological characterization 
index read directly from a chart and relating standard pen at 77° F with soft. pt. It 
is shown that under identical conditions of exposure, the most drastic changes in 
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characteristics invariably occur in bitumens of low soft. pt. No. The higher this index, 
the longer is the probable life of the bitumen under the action of heat and weathering. 
W. H.C. 


1949. Researches on the constitution of natural asphalts. E. Mariani. Riv. Comb., 
1952, 6, 164-78; Proc. Third World Petrol Cong., 1951, 6, 131-9.—Results are given 
of researches on the composition of natural asphalts : 

(1) Natural asphalts made to react with halogens give both addition and substitution 
products. The effect of various factors (nature of the asphalt, temperature, time, 
concentration, and form of the halogen) on these two types of reaction have been 
studied. 

(2) An attempt has been made to determine the quantity and nature of the 
asphaltenes, oils, and resins, which can be obtained from one asphalt extracted with 
various solvents. It has been found that the asphaltenes can be separated with 
solvents into fractions with different C/H ratios. 

(3) The results obtained by extraction of asphalt with liquid sulphur dioxide are 
reported. The nature of the extracts and of the residue, which exhibit highly specific 
characteristics, have been studied. 

(4) A systematic study has been started of the products which are obtained by the 
reaction on asphalt of oxidizing agents such as permanganate in alkaline solution and 
nitric acid. Methods for the separation of the oxidation products have been studied, 
and the effect of certain factors (temp, time, concentration of the reagents) on the 
reaction has been studied ; the partition of the carbon of the original material between 
the oxidation products has been determined Certain of the latter have already been 
isolated and identified. 

(5) A method for the determination of free sulphur eventually present in natural 
asphalt is reported. (Author’s Summary.) 


1950. Temperature control of hot mixes. H.G. Nevitt. Rds and Streets, Apr. 1952, 
95 (4), 96.—The hardening of a bitumen mix is of two kinds. There is the hardening 
which takes place in the bitumen during the mixing process, and that which occurs 
in the pavement during its period of life after laying. This is the slower process, and 
evidence shows that provided proper controls are adhered to when producing the 
pavement, this life hardening need give rise to little concern. However, the hardening 
occurring during the mixing operation may be of a greater degree, due to the fact that 
in the mixing process, the binder is present in very thin films at relatively high temps. 
The hardening thus occurs by oxidn and volatilization. The importance of keeping 
this mixing temp as low as possible compatible with achieving sufficient reduction in 
vise is sometimes overlooked. There is obviously an optimum mixing vise, below 
which nothing is gained in ease of mixing. Thus the practice of specifying a max 
mixing temp independent of the vise characteristics of the binder is one which should 
be watched carefully. Data are produced to show how different binders have different 
V.Ls. It is concluded that the optimum mixing vise should be about 150 S.8.F. 
R. H. 


Special Hydrocarbon Products 


1951. Gas stability of insulating oils in an electric field. T. Wérner. Elektrotech. 
Zeit., 1951, 72, 656-8.—New gas-absorption apparatus is described and illustrated, 
it can be evacuated and is convenient to operate although cleaning is difficult. Pattern 
of gas-absorption results is independent of current frequency, voltage, and test temp, 
although increase of all these factors increases reaction rate. Tests were done in 
air at 80° C (4 hr) using 20 ml oil. Oils are classified as stable, moderately stable, 
and unstable, depending upon whether there is absorption of gas, evolution followed 
by absorption resulting in net absorption, or net evolution. All oils show initial slight 
absorption. Evolved gas is H,, reaction mechanism is linked with O, formation and 
oxidation of oil by O,. (Cf. Abs. No. 2758—1950.) V.B 


1952. Cable insulating oils of German origin. K. Brinkmann. Arch. Elektrotech., 
1951, 40, 192-217.—After brief notes discussing significance in cable oils of p.f., 
conductivity, breakdown voltage, vise, ageing tendency, acid val, sap. val., d, expan- 


~ 

te 

4 

« 

Mise 
> 
me 


396 a ABSTRACTS 


sion coeff, gas absorption, and methods for determining these properties, detailed 
investigations are recorded on cable oil produced from German crude under conditions 
avoiding high-temp treatment. Oil tested had d?° 0°941, vise 1100 cs at 50°C, 8 
009%, iodine val 25, p.f. (50 cycles) 0°013 at 50° C, conductivity (50° C) 10.1! Satis- 
factory ageing test is to heat oil (130° C) in vac (50 mm) in glass vessel in presence of Cu ; 
above oil shows no rise in p.f. after 300 hr, and test shows good correlation with p.f. 
changes occurring in cable-impregnation tanks in plant practice. Results are also given 
for similar test conducted in air and also in air in copper vessel, including changes in con- 
ductivity and breakdown voltage. Ageing in air causes continuous rise in p.f. with test 
duration. Effect of rosin addition on electrical properties of cable oil is examined at 
operating temp of cable (ca 60° C), 15%, rosin has worst effect, additions of lesser or 
greater amounts causing less rise in p.f. It is concluded that above oil, unblended with 
rosin, is satisfactory impregnant for cables of up to 30 kV. Improvement of oil for 
use in higher-voltage cables can be accomplished by reduction of ionic conductivity, 
which is principal factor causing dielectric loss at high temp, whilst dipole losses are 
main cause at low temp. A total of fourteen oils was prepared (processes mentioned 
in outline only), and curves are given showing following properties of these in temp 
range 20° to 70° C, p.f., conductivity, breakdown voltage, vise, product of vise and 
conductivity. Considerable improvement can be effected by removal of resinous 
materials from the oils and also by elimination of the higher-mol.-wt. components. 
Effect of unsaturated chains and cyclic hydrocarbons is probably beneficial, but this 
requires confirmation. Best oil had conductivity (at 50° C) of 2°5 x 10, p.f. (at 
60° C) ca 0°005. Excellent results (p.f. at 60° C << 0°001, flat p.f/temp curve) were 
obtained with experimental synthetic oil (high-mol.-wt. hydrocarbons treated with 
adsorbents) and with low-vise base oil blended with polymer-type additives. Fifty- 
five references. ¥. 


1953. Rust-proofing action of oils and the measurement thereof. A. Philippowich. 
Erdél u. Kohle, 1952, 5, 211-14.—Types of protective films are outlined and existing 
test methods briefly discussed. New test procedure proposed uses iron sheets (1 
10 x 100 mm) with rounded corners and fitted with handle for suspension. Sheet 


is dipped in solution (usually 10 or 50%) of protective in suitable solvent (e.g., CgH,), 
drained 5 min, and dipped for 10 min in 100 ml of N/50-H,SO,; Fe content of acid is 
then determined by titration with KMnO,. Blank test is carried out using white oil, 
to which protective value 0 is assigned; max protective val is 100, and corresponds 
to zero Fe content of acid. Test is carried out in triplicate, and yields the ** corrosion- 


’ 


prevention value ” of the material with an error of +-5%. Results are given indicating 
effect of oil concentration, degree of refining and lubricity (as measured in four-ball 
tester) on anti-corrosive action, and relationship between latter and inter-facial 
tension. High vise, low refining, and low interfacial tension favour good anti-corrosion 
properties. 8. 


1954. Regeneration of power station oils. V.S. Ivanov. Elektr. Stantsii, 1952 (2), 
18-20.—Regeneration of used (transformer and turbine) oils by H,SO, (3° of d 1°84) 
and clay is restricted to oils with acid val > approx 0°3 and to a clay treatment of 
> approx 4%; greater quantities of clay (10%) cause oil to fail U.S.S.R. ageing test 
(acid val after oxidn 0°35 max; sludge 0°1% max) in respect of acid val. Used oils 
of higher acid val cannot be regenerated by acid/clay so as to pass oxidn test. If 
regenerated used oil is, however, mixed with 25% of new oil mixture meets spec 
requirements, due to inhibitor action of natural tars still present in new oil. Results 
indicate that in oxidn test acid val after oxidn is a more sensitive criterion than sludge 
formation. 


1955. Regeneration of transformer oil. Ya. G. Emel’yanov. Elektr. Stantsii, 1952 
(2), 56-7.—-Acidity curves are given showing satisfactory results obtained during four- 
year operation of silica-gel charged thermo-siphon filters attached to transformers to 
permit in situ regeneration. Alternatively, mobile filtration plant (curves also given) 
can be used without taking transformer out of circuit, but is slightly less satisfactory. 
Prior to installation of thermo-siphon filters 18° of transformer oil in Moscow area 
showed inorganic acidity. V¥uB, 
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Derived Chemical Products 


1956. Some contributions of the petroleum chemical industry in the surface coatings 
field. K.N. Wheeler. J. Oil Col. Chem. Assoc., Mar. 1952, 35 (381), 107.—The growth 
of the petrochemical industry is discussed with particular reference to the four major 
United Kingdom petroleum chemical projects, i.e., Shell plants at Stanlow, I.C.I. 
plant at Wilton, Petrochemicals at Partington, and British Petroleum Chemicals at 
Grangemouth. 

The production of aromatic hydrocarbons by the Catarole process and of phenol 
and toluene by other processes is considered. Products obtained from benzene used 
directly or indirectly in the surface coating industry include phenol, styrene, and 
cyclohexane. 

Metal soaps of 2-ethyl hexoic acid are suitable for the manufacture of driers, the 
acid is obtained via acetaldehyde and butyraldehyde from ethanol, which can be 
manufactured from ethylene. 

Ketone and alcohol solvents are widely used in the surface-coating industry. Pro- 
cesses discussed are: the production of methanol from methane, the oxidation of 
propane, and the synthesis of acetone. Derivatives of propylene, ethylene, and 
butylene and the Oxo alcohols are considered. 

Phthalic anhydride is produced by the oxidation of naphthalene over vanadium 
pentoxide catalyst. There has been an increased demand for phthalic anhydride 
because of increased production of alkyds and the large demand for higher-alcohol 
phthalates for P.V.C. plasticizers. The process using o-xylene as raw material is 
described. 

Synthetic glycerine is being manufactured in the U.S., but not as yet in the U.K. 
Various methods of synthesis are discussed. 

Some allyl compounds are now being used in surface coatings, e.g., diallyl phthalate 
as a varnish constituent. 

Epichlorhydrin resins have a number of noteworthy properties, i.e., excellent 
adhesion and flexibility and remarkable chemical resistance. These resins may be 
used in an unmodified form or modified with various fatty acids to form esters. The 
uses of these resins are listed. D. K. 


1957. Carbon disulphide, a new by-product from oil wells. P. W. Sherwood. Chim. f 
et Ind., 1952, 67, 597-8.—Increasing use of CS, (U.S.A. production for 1950 approx 4 


162,000 tons) has drawn attention to use of S obtained by Claus process from H,S of : 
pet origin, since such S can then be reacted with CH,, available at same site, to give 4 
CS,; most suitable reaction is CH, + 28 = CS, + 2H,, silica gel is an effective cat. s 

V¥.B. 


1958. Ethylene and propylene derivatives in the synthesis of surface-active agents. 

F. Aftalion. Chim. et Ind., 1952, 67, 593-6.—Brief notes covering emulsifying, foam- 

ing, wetting, and detergent compounds of the anionic, cationic, and non-ionic types. 
V. B. 


Coal, Shale, and Peat } 


1959. Liquid fuels from coal and oil shale. H.H. Storch. Riv. Comb., 1952, 6, 139- ‘ 
63.—The desirability of long-range development work on synthetic-liquid-fuel pro- 

cesses is discussed, Procedures for mining and chemical processing of coal and oil 

shale for the manufacture of liquid fuels are outlined. The basic chemical and 
engineering problems involved in coal gasification, coal hydrogenation, hydrogenation 

of carbon monoxide, retorting of oil shale, and refining of shale oil are presented. 
Current development work is included to indicate foreseeable improvements. Brief 
mention is made of critical economic factors of the various processes. Thirty-seven 
references. (Author's Summary.) 


Miscellaneous Products 


1960. Many automobile and aviation uses for hydraulic fluids. Anon. Auto IJnd., 
1.3.52, 106 (5), 50, 66.—The increasing field of application in the automotive and 
machine tool fields for hydraulic fluids is noted, and essential properties for particular 
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uses are indicated. The four main types of hydraulic fluids used are described with 
details of their composition and specific applications. J.G. H. 


1961. Plastic processing equipment today. KR. B. Seymour and J. H. Fry. Chem. 
Engng, 1952, 59, 136-9.—Thermosetting and thermoplastic materials suitable for 
chemical industry are reviewed with reference to fabrication and field assembly. 
Extensive use of plastics is predicted. The properties of filled polyfuryl alcohol 
plastics promise good resistance to hydrocarbons. A table of the resistance of six 
plastics to 165 liquids is given. D. H. 


1962. Synthetic rubber latex paints. J. Rinse. Paint Technol., Feb. 1952, 17 (194), 
55.—-All types of rubber latices discussed can be used without curing, these include : 
styrene, styrene—butadiene, and others. The styrene latex is very stable, will not 
discolour in sunlight, and will not embrittle after plasticization. The styrene— 
butadiene latex has a styrene content not less than 55%. The dried films oxidize, 
harden, and tend to yellow in the sun. When anti-oxidants are added to prevent 
serious embrittlement the drying of the film may be advantageous. Darkening of 
the film is only visible in white paints. Other latices are those of polyvinyl acetate, 
vinyl chloride, and copolymers of acrylonitrile and vinylidene chloride. Several of 
the most important commercial products are mentioned. 

The method of film formation is discussed. During the drying of the latex film by 
evaporation of the aqueous medium, the rubber particles precipitate, the protective 
layer of emulsifying agent disappears by evaporation of ammonia, and the globules 
flow or stick together to form a smooth, continuous film. The latex must wet the 
pigment particles, unless this has been previously ground in another medium. Most 
latices are non-polar, and therefore not good wetting agents, hence some manufacturers 
incorporate a small amount of oil adequate for wetting. 

Properties of latices are discussed, and a table giving the properties of some commer- 
cial products is included. 

To pigment latex paints only inert pigments and extenders can be used. The 
principle shade for latex paints is white. 

Other vehicles, e.g., thickening and emulsifying agents, are added to improve the 
paints. Other additives which may be used are anti-foaming agents, wetting agents, 
and anti-fungal materials. 

The main problem in preparing latex paints is the formation of a stable emulsion in 
which the pigments are finely dispersed. A recommended sequence of operations for 
preparing the paints is given. 

The paints may be applied by brush, spray-gun, and roller, dipping is also possible. 
The principle application is on walls, but they may also be used on wood if it is first 
primed to prevent rising of the grain. D. K. 


1963. Absorption and efflorescence of D.D.T. deposited on wood. B. Berck and B. N. 
Smallman. Soap Sanitary Chem., Apr. 1952, 28 (4), 131.—D.D.T. was applied to 
wood surfaces as 5°, preparation as solution (in kerosine), suspensions, or emulsion, 
with glass plates for controls. The D.D.T. residues were removed from the surface 
after one day and forty-five days, giving 52% and 64% recoveries. The increased 
amount of D.D.T. on the surface is explained as being due to initial absorptions 
followed by efflorescence. It is suggested that this factor may account for the varia- 
bility in toxicity results quoted in the literature. N. W. G. 


1964. Chloroxylenols in soaps. J. Gemmell. Soap Sanitary Chem., Apr. 1952, 28 
(4), 85.—-A summary of an article from Manuf. Chem. (28, Feb. 1952) regarding tests 
on the use of dichloro-sym-m-xylenol (D.C.M.X.) as a bactericide in toilet soaps. 
Plate counts showed that at 24°, use for hand washing the product has a phenol 
coeff of 160 to 250, depending on the organism. D.C.M.X. is used in adhesives, 
creams, and ointments. N. WG 


1965. Continuous soapmaking. J. 1. Boyle. Soap Sanitary Chem., Apr. 1952, 28 (4), 
47.—A brief outline of the process of continuous soap-making, discussing both the 
continuous hydrolysing and saponification. For the hydrolysing the oil/water 
proportions are about equal, giving above 99% hydrolysis, with free fatty acid re- 
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covered by vacuum distillation, and glycerine from the “ sweet-water.’’ The zinc 
catalyst is in the tailings and—depending on the range of fatty acid qualities—can be 
used up to three times with considerable economy in materials. For the saponification 
the distilled fatty acids are mixed with a water /caustic ‘salt solution heated so that 
the mixture is steady at 95°C. Control tests need to be more frequent than for the 
batch process to keep the materials of steady quality. N. W.G. 


1966. Sulphated alcohol vs. soap. Anon. Soap Sanitary Chem., Apr. 1952, 28 (4), 
83.—A summary of an article from La Revue des Produits Chimiques discussing laundry 
tests at the Swiss Government Laboratory using “* Teepol”’ (secondary alcohol sul- 
phate). The built detergent contained 10° synthetic sulphate, 25% alkali (pyro- 
and tripoly-phosphate, perborate and metasilicate) with C.M.C. and bleaching agent. 
In practical trials using very greasy materials with preliminary rinse and a boil (using 
10 g/litre of detergent blend), the alcohol sulphate showed an advantage over the soap 
in Maximum increase in whiteness. N. W. G. 


1967. Steam cleaners. M. A. Lesser. Soap Sanitary Chem., Apr. 1952, (4), 50.— 
Use of pressure steam in cleaning is rapidly increasing, saving time, labour, and costs. 
The main advantages are : the pressure forces the cleaning solution through layers of 
dirt; the heat increases the dissolving power of the solution; the detergent assists in 
wetting the dirt, and by chemical action assists in cleaning; the jet can reach difficult 
corners which cannot be cleaned by normal hand methods. The equipment is of 
two main types: (a) where existing steam supplies are used with the detergents 
entrained by aspiration; (+) a stock solution of detergent is prepared and heated 
through coils on the way to the jets. The article quotes a number of detergent 
formule, an example meeting Bureau of Ships Specification being typical. Sodium 
metasilicate 35%, anhydrous pyrophosphate 30%, soda ash 25%, synthetic detergent 
10%. N. W. G. 


1968. Gloss of self-polishing wax. A. Treffler. Soap Sanitary Chem., Apr. 1952, 28 
(4), 147.—Gloss is the visible result of uniform refractive index of the components of 
the wax film. For a wax film the physical and chemical properties of the wax mole- 
cules as well as the method of emulsification are important. Blends emulsified with 
various amine soaps of fatty acids (e.g., triethylanolamine stearate, etc.) were tested 
for carnauba, candelilla, and oxidized mi¢rocrystalline waxes. Good gloss for a low- 
priced blend was given with a 50/50 blend of oxidized MX wax and a “ Durex ”’- 
resin. N. W. G. 


» 


1969. Reaction between styrene and drying oils. A critical survey of published papers. 
8S. Kut. Paint Technol., Mar. 1952, 17 (195), 101.—Pt I of a comprehensive review 
of work published on the reaction of styrene with drying oils is presented. Work 
done in the field of polymers suitable for coatings is discussed. 3 
The reaction of styrene and drying oils in the presence of solvents is considered. 
Conjugated, blown linseed oils, tung and oiticica oil gave satisfactory products with 
styrene, though the latter two tended to gel after partial polymerization of the styrene. 4 
Conjugated double bonds seemed conducive to the formation of a product homo- 
geneous in solution and giving clear dried films. Reaction mechanisms for styrene 
with the various types of drying oils are postulated. Dipentene may be used to 
control the reaction. 
The method developed for the preparation of styrenated oils without a solvent is 
discussed. A mixture of conjugated and non-conjugated oils is generally used. A 
catalyst is required for the reaction, this is usually a peroxide, but as the reaction is 
speeded up till difficult to control, a moderator, a-methy] styrene, is also introduced. 
The use of blown oils in this method yields homogeneous products. A reaction 
mechanism suggested is the rupture of the oxygen-to-oxygen linkage of the peroxide 
structure, the new points serving to initiate and terminate styrene chains. Other 
reaction mechanisms are also discussed. Twenty-nine literature references. D. K. 


1970. Phenol coefficients of five quaternaries. 1. M. Shields, W. Powell, and M. 
Valdez. Soap Sanitary Chem., Apr. 1952, 28 (4), 153.—Five quaternaries—(1) tri- 
methyldodecylammonium chloride, (2) trimethylhexadeeylammonium chloride, 
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(3) bis(2-hydroxyethyl) 2: 3-dihydroxypropylsoyammonium chloride, (4) bis(2-hydr- 
oxyethyl) methylsoyammonium chloride, and (5) trimethylsoyammonium chloride— 
were tested against Selmonella typhose and Serratia marcescens. The highest phenol 
coeff was given for (2) and for samples (1) to (3) higher values were given for typhosa 
than for marcescens, while for (4) and (5) higher coeff were given for the marcescens. 


N. W. G. 


CORROSION 


1971. A bibliography of cathodic protection. F.A.Rohrman. World Oil, Nov. 1951, 
133 (6), 286.—Addenda and errata to bibliography first published in July 1950 issue. 
A. J. H. 


1972. Cathodic protection of buried pipelines—1. K. A. Spencer. Petroleum, May 
1952, 15 (5), 121-3.—-General survey of present position of this important technique. 
In spite of all improvements in pipeline coating and laying, reliance cannot be placed 
on a buried or submerged pipe not corroding. Coating failures which invariably 
occur lay the metal open to contact with electrolytes such as soil and water. Corrosion 
is associated with a flow of positive current from the metal to these electrolytes, and 
the simple conception of cathodic protection is the impression of higher potential 
positive current from the electrolyte to the metal, thus preventing metal from going 
into solution. Apart from corrosion due to varying concentration of electrolytes, it 
is possible to have corrosion induced by stray direct currents in the ground derived 
from an extraneous source. While the general principle of cathodic protection is 
relatively simple, its application in practice is usually complicated by local conditions 
and requires specially trained engineers. R. EB. P. 


1973. Protection of ferrous surfaces against corrosion. [. Antinori. Gas Oil Pwr, 
1952, 47, 112-17.—The protection offered by surface coatings to corrosion with par- 
ticular reference to water-cooling systems is measured and discussed. The test pieces 
are placed in a water-tight cabinet and subjected for one month to a fog of 3% NaCl 
solution produced by air atomization. After test the surface coatings are removed 
and the metal surfaces compared with an untreated specimen. 

Plastic coatings were applied by brush or by spraying. After removal of the coatinz 
the metal surfaces were slightly greasy, and different coatings gave different degrees 
of protection. Nickel plating gave good results, the amount of corrosion being 
inversely proportionate to the thickness of deposit. 

The effect of corrosion inhibitors was tested by immersing plates of steel or cast 
iron at room temp or 80° C in water containing the inhibitor and, in some cases, 1% 
NaCl. The test was continued for periods from fifteen days to four months, and 
the water lost by evaporation was replaced daily. Thus the strips were given a drastic 
alternate immersion and exposure treatment. 

Absorption inhibitors (lanolin, oil emulsions with sulphonates, etc.) at 5% concen- 
tration gave good results with steel at 80°C. At 0°5°% concentration, and with cast 
iron, protection was poor. Anodic inhibitors, comprising mixtures of dichromate, 
chromate, and nitrite at concentrations between 0°5 and 3%, act by virtue of the 
formation of iron salts on the metal surface. If complete covering is not achieved, 
severe local corrosion is set up on the bare areas. With steel, solutions giving the 
best protection were: 2 to 3% each of potassium dichromate and sodium carbonate ; 
1°, each of potassium chromate and sodium nitrite; 2% sodium nitrite. With cast 
iron the latter solution was not successful, and with the second solution some rust 
appeared. Sodium dihydrogen phosphate and disodium hydrogen phosphate gave 
bad results. H. C. E. 


1974. Tantalum. A. L. Percy. Chem. Engng, 1952, 59, 259.—Corrosion resistance in 
seventy fluids. 


1975. Corrosion and its control. M. E. Parker. Oil Gas J., 18.2.52, (41), 161.— 
Pt 46 of this series deals with field tests for paints. Conditions in individual chemical 
plants often differ from “‘ standard ” exposures, and significant saving in maintenance 
costs can be used by selecting coatings to suit particular plants. 
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Test panels coated with different paints under consideration should be exposed on 
racks and regularly inspected. 

Panel size, surface preparation, rack design and location, and orientation must be 
planned. Three-monthly inspections are suggested. G. A. C. 


— Corrosion and its control. M. E. Parker. Oil Gas J., 28.4.52, 50 (51), 117.— 
Pt 52 deals with control of corrosion in crude and products lines, and tankers. Coat- 
ings and inhibitors lessen damage in pipelines, tanker corrosion can be combated by 
dehumidification, inhibitors, and use of anodes suspended in the cargoes. G. A.C 


ENGINES AND AUTOMOTIVE EQUIPMENT 
1977. Running-in Daimler engines. Anon. Scientific Lubrication, Feb. 1952, 4 (2), 


24-6, 35.—The purposes of running-in automobile engines are briefly noted and the 
running-in equipment and procedure at the Daimler works described. J.G.H. 


1978. Highly supercharged M.A.N. machinery. G. Eichelberg and W. Pflaum. 
Motor Ship, Apr. 1952, 83 (385), 18; May 1952, 33 (386), 58.—Pt 1 gives a report of 
independent tests carried out on a six-cyl welded-type engine of 300 mm bore and 
450 mm stroke, employing crossheads. Construction of the engine and details of 
engine parts are described and illustrated, and test results discussed. Brake mean 
pressure, fuel consumption, temp, charging pressure, mean exhaust-gas back-pressure, 
and max combustion pressure are shown graphically. A mean effective pressure of 
210 to 215 p.s.i. was the designed normal load, and with fuel of net calorific value of 
18,200 B.Th.U/lb, the thermal efficiency reached the remarkable value of 44°6%. 
Fuel consumption was 0°31 lb/b.h.p/hr. Test data presented include load curves 
according to propeller law and exhaust-gas pressure between engine and exhaust-gas 
turbine for three different loads at 400 r.p.m. 

Conclusion reports trials on a new engine. Efficiency and air conditions, heat 
balance, thermal stress, and improvement in efficiency are discussed, and many data 
are given graphically. U. M. 


1979. One- to eight-cylinders air-cooled [diesel engines). Anon. Gas Oil Pwr, 1952, 
47, 106-8.—Constructed originally by adaptation of the water-cooled form, this 
Klochner-Humbolt—Deutz unit had a bore and stroke of 4°33 and 5:12 inches respec- 
tively, and developed 17°5 b.h.p/cyl at 2250 r.p.m. In a modified form the stroke was 
increased to 5°51 in giving an output of 19 b.h.p/cyl, and a turbulence chamber of new 
design was fitted. 

The marketed units have one to six cyl in line and eight cyl in V form, giving a 
power range of 12°5 to 175 b.h.p. They are required to operate at temps between 
—40° and +140° F, and can be started by employing a heater plug at low temp. 
The aluminium. alloy pistons carry three compression and two scraper rings, and the 
piston clearance is 0°0071 inches. At max load the six-cyl engine requires 230,000 
cu. ft. of cooling air per hr, which is produced by a blower operating at 55:3 p.s.i. 

H.C. E. 


1980. Almost 300 ton-miles per gallon with two-stroke diesel. F. Sass and P. H. 
Schweitzer. Auto Ind., 15.2.52, 106 (4), 40-5, 126.—Details are presented of the 
Krauss-Maffei, a two-stroke cycle, loop-scavenged diesel engine for road vehicles 
recently developed in Germany. This is a four-cyl (vee-arranged) engine with double- 
throw crankshaft and injection valves centrally located in the cylinder-heads, develop- 
ing 140 h.p. at 2200 r.p.m. Characteristic curves are included, together with details 
of a 100-hr continuous test. J.G.H. 


1981. Albion industrial unit. Anon. Gas Oil Pwr, 1952, 47, 109-11.—This vertical 
four-cyl, four-stroke, direct-injection engine has cyl of bore 4}-inches and stroke 
5} inches, giving a capacity of 4°88 litres. C.A.V. two-hole injectors are fitted, and 
the aluminium-alloy pistons have a hemispherical combustion chamber in the crown 
and carry three compression and two scraper rings. A gear pump driven from the 
camshaft supplies lub oi] at full pressure to all main- and big-end bearings, and at 
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reduced pressure to the valve rocker gear and auxiliary drives. A centrifugal pump 
circulates the thermostatically controlled cooling water. 

The max and 12-hr ratings at 2000 r.p.m. are 78 and 65 b.h.p. respectively, and the 
specific fuel consumption is 0:4 pints/b.h.p.hr. H.C. E. 


1982. Large radial-engined power plant. Anon. (Gas Oil Pwr, 1952, 47, 89-92.— 
These Nordberg engines have eleven cy! of 14-inch bore and 16-inch stroke, and develop 
1820 b.h.p. at 400 r.p.m. They run on natural gas, and each drives a 1290-kW D.C. 
generator. The cyl are equally spaced horizontally around a vertical shaft and fire 
in consecutive order. In all, eighty engines are installed. 

The engine auxiliaries include high-pressure scavenging blowers, mechanical lubrica- 
tors, and cooling-water pumps. The lub oil is continuously purified on the by-pass 
system, and at intervals the sumps are drained into tanks of 1000 gal capacity, where 
settlement occurs. The oil is then passed through Sharples centrifuges and returned 
to service. H. C. E. 


1983. Gas engine-driven power pumps in South American oilfields. Anon. Gas Oi/ 
Pwr, 1952, 47, 76.—An installation at Shell’s Casabe oilfield is described. It com- 
prises five eight-cyl BARG National engines, each driving an alternator to provide 
a total output of 2500 kW. 

The engine pistons are cooled by oil circulated to the piston crowns by trombone 
pipes, and the oil is cooled by water passages in the bedplate below each main bearing. 
The oil is also passed through }-h.p. centrifuges. 

Natural gas of 1050 B.Th.U/cu. ft. is delivered at 25 p.s.i. and is reduced to <10 
inches w.g. before being metered individually to the engines. H. C. E. 


1984. Gas-turbine drives for centrifugal compressors. ©. l.. Moore. Oil Gas J,, 
14.4.52, 50 (49), 132.—Gas-turbine drives, of the regenerative-cycle type, are being 
installed by El Paso Natural Gas Co. in compressor stations along its main pipeline 
system. 

Eventually most of the plants will have three-turbine layouts. The turbine is 


started by means of an auxiliary expansion turbine. The equipment provides opera- 
tional flexibility and additional economy. 

A schematic diagram of a 500-h.p. regenerative cycle gas turbine is given, and a 
layout of a three-unit plant is shown. G. A. C. 


1985. Operating experiences with stationary gas turbines. P. R. Sidler. Mech. 
Engng, May 1952, 74 (5), 381.—Several open-cycle gas-turbine cycles are described, 
and some indications of their capacities are given. Details of thirteen Brown—Boveri 
gas-turbine sets in actual operation are listed, and operating experiences with these 
units are recorded. The smallest unit has an output of 1200 kW, and the largest 
is rated at 27,000 kW. Various fuels have been used, including diesel oil, fuel oil, 
heavy fuel oil, natural gas, and blast-furnace gas. The author states that gaseous 
fuels are particularly suitable for gas-turbines, and that fuel oil is acceptable in most 
industrial plants. Certain precautions are necessary when burning heavy fuel oils. 
It is claimed that the life of gas-turbine units and their maintenance costs should be 
of the same order as for steam-turbine installations. a ke 


1986. Progress of gas turbine truck tests. H.€. Hill. Gas Oil Pwr, 1952, 47, 78-82.— 
A 175-h.p. two-shaft Boeing turbine installed in a truck chassis has operated for 550 hr ; 
in this time it has travelled 15,000 miles, mostly with a load of 68,000 lb. A summary 
of progress extending over seventeen months is given. The main results are as 
follows 

(1) The increasing torque is proportionate to the falling speed over the full engine- 
speed range, and the gear-box could therefore be eliminated. However, it is desirable 
to keep the engine speed high so that max efficiency of power is obtained. 

(2) Road performance of the 175-h.p. turbine with seven-speed gear-box was equal 
to that of a 200-h.p. diesel with twelve-speed gear-box. 

(3) The noise is the same or less than that emitted by a conventional truck engine. 

(4) Oil consumption was small, and special oils are not required. 
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(5) Fuel consumption is ca 1 mile /gal, compared with 3 to 5 miles/gal for a truck 
engine. It is thought that this figure may be improved by changes in design. In 
particular, the thermal efficiency can be increased. This test was made on diesel oil, 
and it is possible that cheaper fuels may be used. H. C. E. 


1987. Progress of gas turbine truck tests. H.C. Hill. Gas Oil Pwr, 1952, 47, 101-4.— 
The turbines in the 175-h.p. Boeing turbine (Abs. No. 1986) developed the following 
major faults during tests, but these have now been corrected: (1) rubbing contact 
between blade tips and nozzle shroud, due to distortion of the latter; (2) blade 
damage due to solids in the gas stream; (3) failure of second-stage turbine blades due 
to resonant vibrations of the blades; (4) blade-root fracture due to vibration in the 
dise of the turbine wheel; (5) blade failure due to excessive thermal stress caused by 
too rapid acceleration. 

Burner-liner life and nozzle-area balance are also discussed. 

The turbine can be started at —65° F, using special fuel and diluted lub oil. 

H. C. E. 


1988. Napier Deltic engine. Anon. (Gas Oil Pwr, 1952, 47, 98.—This is an opposed. 
piston two-stroke engine with power rating up to 2500 b.h.p., designed and developed 
for the Royal Navy. Built in the form of an equilateral triangle with three cyl form- 
ing the sides and a crankshaft at each corner, two pistons on the same crankshaft 
operate in adjacent cyl. One crankshaft rotates in the opposite direction to that of 
the other two. A complete engine comprises eighteen cyl, arranged in banks of six, 
and thirty-six pistons. The exhaust manifolds are water-cooled. A mechanically- 
driven scavenging blower is fitted at the front, and the gearing is mounted at the rear. 
H. C. E. 


1989. Explosions in enclosed crankcases. J. Lamb. Motor Ship, May 1942, 33 (386), 
54.—Extract of a paper read to the I.Mech.E. Two problems in prevention of crank- 
case explosions: (a) prevention of formation of an explosive mixture, and (}) elimina- 
tion of means of igniting mixture. As regards (a) no explosion would occur if a crank- 
case were filled and kept charged with inert gas, and exhaust gases of oil engines could 
be used for this purpose. Chemists state that if the inert gas content could be main- 
tained at 30% or over, a crankcase would be in a safe condition, but the author thought 
that that would be difficult to ensure. Some explosions do occur after an engine has 
been stopped and the crankcase door opened for inspection, ignition being apparently 
delayed until additional air entered through the open door. Sufficient explosions have 
occurred in crankcases ventilated by a current of air to prove that this does not ensure 
immunity, although the density of the oil mist may be reduced and hence the violence 
of the explosion. The author considers that it is not practicable to make enclosed 
crankcases safe by ventilation, and it is not possible to do so by hermetic sealing. 
Generally when bearings overheat this is at first a gradual process, and, if detected in 
time, the engine can be stopped before the anti-friction metal melts (at about 500° F) 
when it may run into the oil hole. A proposed method for preventing molten white 
metal from running into the oil hole is shown. The pistons of modern crosshead 
engines seldom run hot and, the author believes, have never been the cause of a crank- 
case explosion. Trunk pistons, however, become hot as a result of either insufficient 
working clearance or inefficient lubrication. Piston blow-past could result in inefficient 
lubrication and subsequent overheating. Methods for checking distortion of pistons, 
and for detecting temperature rise in crankpin bearings are described, together with 
the layout of a hot-piston indicator fitted to one of the trunk-piston engines in the 
Auris. Experience and tests with crankcase relief valves and the lightening safety 
valves are described. U. 


SAFETY PRECAUTIONS 


1990. Engineering for safety in cycling and gasoline-plant operations. G. M. MeCul- 
lough. Oil Gas J., 5.5.52, 50 (52), 197.—Plant layout and piping, safety requirements, 
fire-fighting facilities, manual and automatic shut-down devices, and climatic equip- 
ment protection are discussed in relation to safety in plant operation. Based on the 
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period 1941-51, a graph shows that lost-time accidents at Phillips Petroleum Co. have 
decreased significantly, in spite of large increases in the number of employees and total 
gross investment, where the management has led programme for safe operation. 

G. A.C. 


1991. Fire control by agitation. J. L. Risinger. World Oil, Feb. 1, 1952, 184 (2), 
202.—(See Abs. No. 1547.) 


MISCELLANEOUS 


1992. World petroleum developments. ©. A. P. Southwell. J.P. Review, 1952, 6, 
33.—-Events in Persia, resulting in the loss of 30 million tons p.a. of production, have 
caused a substantial change in the world oil position, but the ultimate effect is not yet 
clear. An increasing amount of oil is now coming from the Middle East, which is 
remote from the consumption areas. The proved reserves of the world are still main- 
tained at about twenty years’ consumption, even though this is increasing rapidly. 
The positioning of refineries at centres of consumption rather than occurrence is 
elaborated. 

Centres of development throughout the world are enumerated and discussed. In 
Canada production has shot up considerably, great expenditure on exploration and 
development in Alberta, having taken place. The U.S. natural-gas industry has 
developed in a spectacular fashion in recent years. In the Middle East the major 
development has been the construction of the Trans-Arabian pipeline (Tapline), 
1068 miles long. The other main centre of activity since the war is Kuwait, where 
production in 1951 was at the rate of 35 million tons p.a. R. H. 


1993. The pattern of the oil industry. C. T. Brunner. J. Inst. Transport, Jan. 
1952, 24 (8), 281-9.—The special characteristics of the oil industry, the growing use 
of oil, the vertical organization of the oil industry, and Britain’s stake in the oil world 
are reviewed. Oil and British industry, sources of supply of oil, development of oil 


refining, oil transport, and marketing are discussed. Refineries and the pattern of 
oil distribution, oil as a source of power, and oil and a national fuel policy are also 
covered. W. H. C. 


1994. Canada’s petroleum industry. ©. B. Hopkins. Canad. Min. metall. Bull., 
Mar. 1952, 45 (479), 138-47.—Pt 1 briefly reviews crude oil, its components, the 
products obtainable by processing and their use, and the distillation, cracking, treat- 
ing, and refining processes employed. 

Pt 2 describes and discusses the petroleum industry in Canada, the oil and gas 
developments in the various states, and the new discoveries. Maps and charts are 
given, showing: the main physiographic divisions of N. America; areas of sediments 
favourable for oil prospecting ; comparison of geophysical activity, and oil and gas 
fields of Western Canada; Canadian petroleum consumption vs domestic crude-oil 
production ; Canadian pipelines and refining centres and capacities. W. H.C. 


1995. Survey of natural-gasoline and cycling plants. Anon. Oil Gas J., 5.5.52, 
50 (52), 224.—-Approx production (gal/day) and location by state of the plants in the 
U.S.A. are given. G. A. C. 


1996. Survey of processing plant projects. Anon. Oil Gas J., 5.5.52, 50 (52), 232.— 
Capacity rating, status, completion schedule, and contractors for natural-gas pro- 
cessing-plant building projects in the U.S.A. are given. G. A.C. 


1997. Factors affecting refinery design and operation. M.A. L. Banks. J.P. Review, 
1952, 6, 16.—The oil industry in the U.K. is to be established, in the first instance at 
least, upon a basis of 20 million tons p.a. Before 1939 the corresponding figure was 
2 million tons p.a., and at the present time it is 8 million tons p.a. This programme 
envisages therefore a radical change in the pattern of the lives of many people. It 
also involves a change of policy in that refining will take place very largely at the 
point of consumption as opposed to the point of occurrence, so involving a ‘* handicap ” 
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due to freight charges, with the corresponding need for increased efticiency. The 
German position is mentioned by contrast, and approx production of the U.K. in- 
dicated. This is related to a typical U.K. refinery of 2 million tons crude p.a. Re- 
finery costing is discussed, with reference to depreciation, operation, and maintenance. 
The necessary points of efficiency are enumerated, and mention made of the handling 
of gas production. R. H. 


1998. Work out a maintenance budget. J. D. Leonard. Chem. Engng, 1952, 59, 

150-2.—A planned maintenance system can increase the productivity of a plant . 

through better shop organization, close budgeting, reduction of emergency break- 

down. The method of planning such a system and of measuring its value is described. 
D. H. 


1999. Statistics can put more meaning into your cost estimates. P. Ferenez. Chem. 
Engng, 1952, 59, 143-7.—The application of statistics to cost estimating is outlined. 
A numerical example is worked in detail to compare the return on investment of 
ammonia manufacture using natural gas, electricity, or coke. The significance of the 
probable error in each case is discussed. D. H. 


2000. A note on fused stabilized zirconia: A modern high-temperature refractory. 
W.C. Jones. J. Inst. Fuel, Mar. 1952, (142), 66.—Fused stabilized zirconia was 
first manufactured in 1946. A brief review of the occurrence of zirconium is given. 
The patented process for the manufacture of stabilized zirconia includes purification, 
fusion, and control of crystal-volume stability and the composition of the product 
with regard to grain size. The furnace mixture consists of zirconium ore, iron borings, 
metallurgical coke, and lime. The properties of the refractory are discussed. Those 
of significance are: highest m.p. of all commercial refractories, low volatility at high 
temp, lower thermal conductivity than other refractories, excellent heat insulation, 
good thermal-shock resistance, highly resistant to oxidizing or moderately reducing 
furnace atmospheres without volatilization, low electrical resistivity at high temp, 
and low chemical reactivity. The applications of this material are listed, the estab- 
lished uses include: furnace linings, thermal insulation in high-frequency induction 
or resistor-wound furnaces, in nitrogen-fixation plant, electric-furnace heating elements, 
for kiln furniture in the manufacture of capacitors, and for liners for jet and rocket 
motors and in gas turbines. 


2001. Calculation of thick-walled cylindrical shells of carbon steel subject to internal 
pressure. W. P. Kerkhof. Ingenieur, 2.5.52, 64 (18), W. 21-4.—In the analysis of 
strength and deformation at normal and higher temp an attempt is made to establish 
a safe determination of the wall thickness of cylindrical shells subject to internal 
pressure. As a result of this analysis the normal formula for thin-walled vessels is 
recommended also for thick-walled shells, providing a very good approximation at 
normal temp below 650° F (350° C). At temp above 650° F (350° C) the recommended 
formula is on the safe side. However, owing to the fact that knowledge of the creep 
behaviour is still very poor, the same formula is also recommended for this higher 


2002. Economics of coking residual petroleum products. R. T. Colquette and C. W. 
Peters. Oil Gas J., 14.4.52, 50 (49), 156.—The basis of appraisal for disposing of crude 
bottoms coking is reviewed as a means of producing additional light products from a 
given quantity of crude. The economics of increasing gasoline production has been 
developed by two alternatives : conversion of No. 6 fuel via coking and cracking, and 
refining of additional crude via topping and cracking. Tables give the basis and 
appraisal. G. A. C. 


2003. Sulphur recovery from Turner Valley gas. G. A. McGuffin. Canad. Min. 
metall. Bull., Mar. 1952, 45 (479), 156-9.—The properties and uses of sulphur, the 
existing sources, and market situation are reviewed. The Royalite recovery process, 
which extracts sulphur from Turner Valley natural gas, is briefly described. Flow 
sheets are given of: (1) the scrubbing plant for removal of sulphur by means of 
mono- or di-ethanolamine, and (2) the Foster Wheeler type WTC, single-stage, sulphur- 
recovery unit. The plant has a designed capacity of 30 long tons/day. Process data 
are given, and the hazards of production are briefly described. W. H.C. 
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BOOK REVIEWS 


Stratigraphy and Sedimentation. W. C. Krumbein and L. L. Sloss. San Francisco; 
W.H. Freeman & Co., 1951. Pp. 497 +- ix. , $5.00. 


This is quite squarely an American text-book on American stratigraphical con- 
ceptions, and it must be accepted as such, however much one might have wished 
for some more liberal treatment of the subject. The modern focus on stratigraphical 
studies in oilfield exploration has evoked a specialized jargon to describe geological 
processes and events which used to be thought relatively simple. Now the reader 
must understand, or pretend to understand, what is meant by bioccenose, cyclo- 
them, epineritic, geotectonic, hedreocraton, intracratonic, infraneritic, lithotope, 
magnafacies, parvafacies, pyribole, palimspastic, paleogeology, tectotype, tecto- 
facies, tectonism, thanatoceenose, tectono-environmental classification, yoked 
basins, and zeugogeosynclines. 

An important pedagogical purpose of this book—to quote from the preface—is 
to acquaint the student with the standard literature of stratigraphy and sedimenta- 
tion. This purpose has certainly been abundantly achieved. The book is an 
excellent source of the stratigraphical conceptions and descriptive treatment 
which has evolved through the years. The technique of sampling outcrops, of 
logging wells, of interpreting electrical well logs and of the like is treated in great 
detail and thoroughness, also the methods of analysing and describing sandstones in 
terms of all possible grades, shapes, and sizes of particles. The emphasis through- 
out is on detrital sediments and, in consequence, the circumstances of limestone 
deposition are very scantily dealt with and reef formations only receive brief men- 
tion. Chemical deposits are also not included in the scheme of the book for detailed 
treatment. 

A British student of stratigraphy will find the book helpful if he wishes to under- 
stand the American approach to the problem, but if he is studying stratigraphy 
an und fiir sich he might prefer an alternative. G. M. L. 


Modern Pyrometry. Charles H. Campbell. New York: Chemical Publishing Co., 
Inc., 1951. Pp. vi + 150. $4. 


The author states that the book was developed from a lecture prepared to illus- 
trate the relatively common and the new techniques in pyrometric practice and equip- 
ment in order to help men who had recently returned to industry or were new- 
comers in metallurgy. Although the book is mainly concerned with pyrometry 
in the steel industry, it provides information on more general aspects of temperature 
measurement and control, which should prove useful to the instrument user if not 
to the instrument engineer. 

The book is divided into four chapters. The first describes the thermoelectric 
effect and the construction and calibration of the main types of thermocouples. 
Recommendations of the temperature limits, and suitable atmospheric conditions, 
for reasonable thermocouple life are given, and the use of protection tubes is fully 
discussed. A table of the various materials from which protection tubes are made 
shows the relative transfer lags which may be introduced into measuring systems by 
their use. 

The second chapter is a comprehensive survey of some of the temperature indica- 
tors, recorders, and controllers which are commercially available in the U.S.A., 
although in many cases identical instruments are made in Britain. The instru- 
ments are described in sufficient detail to give complete understanding of the 
mechanisms and the adjustments which may be made. In the section dealing with 
automatic temperature control hints are given on the positioning of detectors for 
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good control, and the importance of balancing the heat input to meet requirements 
is stressed. 

Resistance thermometers, mercury filled and bi-metallic systems, optical 
pyrometers and further developments of these detectors are illustrated in the third 
chapter. The necessity for applying corrections to optical and radiation pyrometer 
measurements is pointed out, and examples are given of emissivity values of some 
metals at selected temperatures. 

The book concludes with a chapter on the applications, care, and maintenance 
of pyrometer systems, and the proéedures outlined are basically sound. 

Whilst the book is well worth studying and quite adequately serves its intended 
purpose, a good deal of criticism can be levelled editorially, e.g., the poor reproduc- 
tion of the some diagrams; the photograph of Fig 9 upside down ; in several places 
the text has been confused and the reader must supply his own continuity. 


ADDITIONS TO THE LIBRARY 


Bibliographical Survey of Flow Through Orifices and Parallel-throated Nozzles. 
T. H. Redding. London: Chapman & Hall, 1952. Pp. 196 + x. 32s. 6d. 


The bulk of this work—125 pages—comprises a bibliography of 610 references 
covering the period 1932-1946, each reference having a short but useful summary 
of the article to which it refers. The arrangement is chronologically under group 
headings, und an author index is provided. In addition, there are four appendixes. 
The first gives translations of foreign titles used in the bibliography, the second an 
index to journals quoted, the third a set of definitions, and finally a list of abbre- 
viations. 

The author is a senior member of the research staff of the British Scientific Instru- 
ment Research Association. The publication should be of great use to all concerned 
with the flow of liquids and gases. 


Wire Rope Lubrication. I. V. Paterson. Wellington, Salop: Scientific Publications, 
1952. Pp. 35. 3s. Od. 

The importance of correct lubrication of wire ropes in whatever service is em- 
phasized in this booklet, which deals first with investigations which have been 
made, and then discusses the formations and properties of the lubricant and its 
application. The matter has appeared in Scientific Lubrication. 


Personal Protective Equipment in Industry. London: The Royal Society for the 
Prevention of Accidents, 1952. Pp. 72. 6s. 6d. 


A work of reference on the legal requirements concerning the provision of pro- 
tective clothing in industry. The main arrangement is under the type of protection 
stipulated, e.g., aprons, armlets, etc., and an index of Acts and Regulations is 
provided to facilitate reference to the equipment concerned. 


Research Council of Alberta, Thirty-second Annual Report, 1951. Edmonton, Alberta : 
The Council, 1952. Pp. 31. 5 cents. 


Boletin de Minas y Petroleros. Republic of Colombia. Ministry of Fuel. No. 155, 
1952. Feb. Pp. 217, n.p. 
Colombian legislation concerning petroleum (134 pp.) and mines (75 pp.) is 
reproduced verbatim. 


Industrial Training. A Guide to Selected Readings. John M. Brophy, I. Bradford 
Shaw, Fred T. Golub. Bulletin No. 20, New York State School of Industrial 
and Labor Relations. New York: The School, 1952. Pp. 62. 25 cents. 


A bibliography of 749 entries of selected readings on training in business and 
industry published during 1948-50. The items are grouped under subjects. 
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Classified List of Petroleum Equipment. Council of British Manufacturers of Petroleum 
Equipment. London: The Council, 1952. Pp. 61. 
A revision to February 1952 of the similar section of the 1951 edition of the 
CBMPE catalogue entitled “ British Petroleum Equipment.” 


The Work of the Council. Council of British Manufacturers of Petroleum Equipment. 
London; The Council, 1952. Pp. 8. 


Carburation. Charles H. Fisher. 2 vols. 3rd Edn. London: Chapman & Hall, 
1951. 


Automatic and Manual Control. A. Tustin (editor). London: Butterworths Scientific 


Publications, 1952. 


Physico-chemical Constants of Pure Organic Compounds. J. Timmermans. New 
York: Elsevier Publishing Co. Inc., 1950. 


The Transactions of the Fourth World Power Conference. W. 0. Skeat and R. P. 
Andrew (editors). 5 vols. London: Lund, Humphries & Co., 1952. 
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THE INSTITUTE OF PETROLEUM 


Notices, Juty, 1952 


ENTRANCE FEES AND SUBSCRIPTIONS 


The current Entrance Fees and Annual Subscriptions for membership of 
the Institute are : 


£ 
Associate Members and Associate Fellows Se ae 33 0 


APPLICATIONS FOR MEMBERSHIP OR TRANSFER 


The following have applied for admission to or transfer of membership in 
the Institute. In accordance with the By-laws, the proposals will not be 
considered until the lapse of at least one month after the publication of this 
Journal, during which time any Fellow, Member, Associate Fellow, or Associate 
Member may communicate by letter to the Secretary, for the confidential 
information of the Council, any particulars he may possess respecting the 
qualifications or suitability of the candidate. 

The object of this information is to assist the Council in grading the candidate 
according to the class of membership. 

The name of candidates’ proposers and seconders are given in parentheses. 


= 


Application for Membership 


ALLINGTON, Arthur Henry, operator, Bahrein Petroleum Co. Ltd. (C. 
Simpkins; A. F. Pyrah.) 

AppLeton, Arthur Abraham, supervisor (economic and cost control), Esso 
Petroleum Co. Ltd. (J. McCallum; F. Mayo.) 

Atkinson, Harold Frank, editor of publications, Kuwait Oil Co. Ltd. (G@. A. 
Hogg; R. M.S. Owen.) 

Brack, John, operations manager, Asiatic Petroleum Co. Ltd. (C. Rogerson; 
E. J. Sturgess.) 

Borpat, Louis Gabriel, division manager, Schlumberger, c/o Kuwait Oil Co. 
Ltd. (E. Boaden; G. A. Hogg.) 

Boyp, Will Edwin, assistant general manager (technical), Kuwait Oil Co. Ltd. 
(EZ. Boaden; E. C. Masterson.) 

Buree, Joseph, maintenance engineer, Kuwait Oil Co. Ltd. (E. Boaden; 
G. A. Hogg.) 

Curvery, Harry Rixon, garage foreman, Kuwait Oil Co. Ltd. (@. A. Hogg; 
R. M. S. Owen.) 

Ciark, Ernest Stanley Edward, surveyor, Kuwait Oil Co. Ltd. (@. A. Hogg; 
R. M.S. Owen.) 

Crusor, Charles Gordon Huthwaite, in charge of social services and welfare, 
Kuwait Oil Co. Ltd. (@. A. Hegg; R. M.S. Owen.) 

Goprrey, John Hall, auditor, Kuwait Oil Co. Ltd. (@. A. Hogg; R. M. 8S. 
Owen.) 

GrecatH, James Reed, drilling engineer, Kuwait Oil Co. Ltd. (G@. A. Hogg; 
R. M.S. Owen.) 

Fitmer, Wilfred John, project engineer, Kellogg International Corporation. 
(J. EB. Lytle; G. H. Tanner.) 

FirzGERALD, John Corbin, manager (Western Area Dept.), Shell Petroleum 
Co. Ltd. (O. F. Thompson; E. J. Sturgess.) 
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ii INSTITUTE NOTES 


Hamitton-Smitu, Percival Alec, acting refinery plant inspector, Kent Oil 
Refinery Ltd. (C.S. Cleverly; F. 4. Maliphant.) 

Hayse-Greoson, Paul Basil, manager, Colas South Africa Ltd. and Rhodesian 
Colas Products, Ltd. (W..J/. Jarrett; H. M. Sanders.) 

Honsson, Edward George Folmar, grease plant supervisor, Shell Mex and B.P. 
Ltd. (F. Green; G. A. Parry.) 

Lawrence, John Bdward, assistant construction engineer, Kuwait Oil Co. 

Manuen, Jehan, officer, Kuwait Oil Co. Ltd. (G@. A. 
Hogg; R. M.S. Owen.) 

Marsu, John Stanley, shift control operator, Kuwait Oil Co. Ltd. (G@. A. 
Hogg; R. M.S. Owen.) 

Menta, Manoharlal Manchharam, senior scientific assistant, National Fuel 
Research Institute (India). (A. Lahiri; M. Bamford.) 

Motynevux, John Henry Bold, O/C military petroleum installation. 
(A. L. G. BE. Soutar; E. Hardman.) 

MontGomeRy, Robert Cecil, industrial oils engineer, C. C. Wakefield & Co. 
(Ireland) Ltd. (L. G. Peckham; G. H. Thornley.) 

Patrerson, Richard Alan, production operator, Kuwait Oil Co. Ltd. (@. A. 
Hogg; R. M.S. Owen.) 

Roserts, Kenneth Charles, research manager, Anchor Chemical Co. Ltd. 
(BE. A. Evans; W. Davey.) 

Row ey, Arthur Lewis, buyer, Kuwait Oil Co. Ltd. (G. A. Hogg; R. M.S. 
Owen.) 

Sureron, John, instrument engineer, Anglo-Iranian Oil Co. Ltd. (P. 7. Cox; 
B. R. Jackson.) 

Smuiru, Geoffrey Warwick, sales technical adviser, Shell Co. of Fed. of Malaya. 
(A. Wilson; F. L. Garton.) 

Tantraut, Aldric David, chemist, United British Oilfields of Trinidad, Ltd. 
(N. P. Sherrett; E.J. Dawson.) 

THALER, Louis Armand, professor, Ecole Nationale Superieure des Petroles. 
(Prof. H. Weiss; F. R. Banks.) 

Varty, Kenneth Hesketh, assistant manager, Esso Petroleum Co. Ltd. 
(W. E. J. Broom; C. Chilvers.) 

VenninG, Arthur Henry, production operator, Kuwait Oil Co. Ltd. (@. A. 
Hogg; R. M.S. Owen.) 

Watters, John Powell, foreman (refining engineering maintenance), Kuwait 
Oil Co. Ltd. (G. A. Hogg; R. M.S. Owen.) 


WuirwortH, Rodney Arnold, wharf operator, Kuwait Oil Co. Ltd. (G@. A. 
Hogg; R. M.S. Owen.) 


WriyninG, Herbert Jr., technical manager, James Mitchell & Son. (W. M. 
Cumming ; H. MacArthur.) 


Yeup, Peter Mallam, production operator, Kuwait Oil Co. Ltd. (@. A. Hogg; 
R. M.S. Owen.) 


List of Transfers 


Jounson, Stanley, marine surveyor, Carmichael & Clarke. (A. W. Black; 
Wm. R. Wright.) 


‘NEW MEMBERS 


The following elections have been made by the Council in accordance with 
the By-laws. 
Elections are subject_to confirmation in accordance with the By-laws. 
As Fellow 
Brown, R. M. 


Transferred from Member to Fellow 
Doveary, J. M. 
As Member 
Ross, L. L. 
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INSTITUTE NOTES 


Transferred from Associate Member to Fellow 
Le Batty, L.E.S.H. 


As Associate Fellows 


Apams, R. Lams, J. 
Cooper, J.G. Leonarp, J. R. 
FaNnsHAwE, H. D. Newsury, B. C. 
Fisu, F. H. Nrxxiasson, L. R. 
Humpuriss, E. N. W. A. 
Hymers, J. TaMPLin, P. J. 
Iron, H. J. RAJABATHAR, G. 
JacKSON, F. 8. Searson, A. H. 
As Associate Members 
CouPLanD, H. L. Moore, N. F. A. 
Court, J. Moss, 8. 
DEBENHAM, A. D. Naveuron, D. G. 
Furtone, D. B. Ossorn, E. 
Gorpon, J. K. Pures, D. J. 
Harrison, 8. Pogson, T. W. 8. 
Kemp, D. 8. G. PyweE LL, F. R. 
MarsHALL, P. A. Quay te, H. D. M. 
Transferred from Students to Associate Fellows 
Tuomas, E. M. WHITEHEAD, R. C. 


As Students 


Grirritus, H. W. L. Bryan, W. B. 


JUST PUBLISHED 


OIL FIELD ATLAS 


By A. Beeby-Thompson 
Eight maps showing the location of the world’s oil fields together with 
some significant facts and figures on present and future oil-field 
prospects and developments. 
16 pp. text Net 12s. 6d. 


8h" x 11’ 8 maps 


RECENTLY PUBLISHED 


OIL FIELD 


EXPLORATION AND DEVELOPMENT 
SECOND EDITION ENLARGED 
By A. Beeby-Thompson 
A practical guide for oil-field prospectors and operators. In 2 volumes. 
Including maps showing the location of the World’s Oilfields. 
R. 8vo. 1300 pp. 270 Illus. per vol. net 42s, 


THE TECHNICAL PRESS LTD 
Gloucester Road + Kingston Hill ~- Surrey 


Kindly mention this Journal when communicating with Advertisers 
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BREAK... 
without 
spilling... 


Exactor couplings allow pipe lines 
to be connected and disconnected as 


easily as plugging into an electrical 
circuit—and without the slightest 
spilling. No air can enter the pipe 
line. The complication of separate 


There is an automatic valve in each 
half of an Exactor Coupling. When 
the coupling is joined, the valves mate 
and keep open by mutual pressure. 
When you uncouple, each valve seals 
its side of the break. Full range of 


cocks, operated in special sequence, 
is eliminated. Exactor couplings 
are automatic, foolproof and suit- 
able for liquids or gases, hot or cold. 


sizes from 4" to 7” bore, for high and 
low pressures. 


EXxACTOR 


Write for details. 


EXACTOR LIMITED - 108 PARKST. LONDON 


PIPE COUPLINGS 
Seal as they break 


Speedily and without fail Nicerol Foam 
KILLS petrol and oil fires—and is used 
by the Royal Navy, Royal Air Force 
and Oil Companies specifically for that 
purpose. Nicerol is a concentrate pro- 
ducing a heavy type of vapour-sealing 
foam which flows with creeping flame, 
blanketing and killing the fire—resist- 
ing effectively all possible flash-back 


or re-ignition. Any type of mechanical 
or air-foam apparatus will produce 
foam from Nicerol—either with fresh 
or salt water. 


Used also by Fire Equipment Manu- 
facturers, Civil Air Lines, Common- 
wealth and Foreign Governments and 
Fire Brigades. 


Nicerol is supplied in new heavy gauge steel drums specially designed to 
permit quick release and clean pouring of contents. These are supplied in ° 
5 or 40 Imperial gallons capacity. 3 gallons of Nicerol will produce over 1,100 


gallons of pure white foam. 


Sample and illustrated leaflet supplied, with quotation, on request. 


NIGEROL LIMITED LISBURN N. IRELAND 


Telephone: LISBURN 2027 


Telegrams: Nicerol, Lisburn 


Kindly mention this Journal when communicating with Advertisers 
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COMPREHENSIVE SERVICE 
+ 


REFINERY DESIGN AND CONSTRUCTION 
ATMOSPHERIC AND 
VACUUM DISTILLATION UNITS 
COMBINED DISTILLATION, 
CRACKING, REFORMING AND 
VAPOUR PHASE TREATING UNITS 
PARAFFIN WAX EXTRACTION, 
REFINING AND MOULDING 
GASOLINE RECOVERY 
AND STABILISATION UNITS 
* 
HEAT EXCHANGE EQUIPMENT OF ALL TYPES - 
FRACTIONATING COLUMNS 
AND TUBE STILLS 


A.F. CRAIG & COMPANY LTD 
CALEDONIA ENGINEERING WORK: 
PAISLEY SCOTLAND 
n Office. 727, Salisbury House. London Wall. E.C 


Kindly mention this Journal when communicating with Advertisers 
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STRUCTURES IN STEEL 


We Specialise in 


ALL TYPES OF STRUCTURES 


required for 
Oil Production and Refining. 


ALSO 
‘KELVIN’ all iron and ‘MAINSTEEL'’ PALISADING 
and All Types of FENCING | 
for HOME and OVERSEAS. 


A. & J. MAIN & CO., LIMITED 


LONDON : VINCENT HOUSE, VINCENT SQUARE, 8.W.1 
Telephones : Victoria 8375 /6/7/8 Telegrams : Kelvin Sowest, London 


WORKS AND REGISTERED OFFICE 
CLYDESDALE IRONWORKS, POSSILPARK, GLASGOW, C.2 


Telephone: Possil 8381 Telegrams: Kelvin, Glasgow 
CALCUTTA : Post Box 36, 16 NETAJI SUBHAS ROAD 
also NAIROBI and CHITTAGONG 


Kindly mention this Journal when communicating with Advertisers 
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A De-propanizer Column, 
6” diameter by 84’ long, 
fitted with bubble cap trays 
for a working pressure of 
270 Ibs. per sq. in. 


CONTRACTORS 


Specialists in the design and fabrication 
of plant for the most exacting needs of modern large 
scale production. Petroleum technologists will find 
our experienced Chemical Engineers very co-operative 
in securing the exact result required. May we col- 
laborate? 


W.J. FRASER & CO. LTD. 


CHEMICAL ENGINEERING CONTRACTORS 


Head Office: Dagenham, Essex . Works at Dagenham and 
Monk Bretton, near Barnsley, 8. Yorks. 


TAS/FS.355 
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MATTHEW HALL 


& CO. LTD. 


ESTD. 1848 


MATTHEW HALL 


OIL REFINERY, CHEMICAL AND INDUSTRIAL ENGINEERS 
ERECTION OF PLANT AND MACHINERY 
WELDED OIL PIPE LINES 
AIR CONDITIONING AND REFRIGERATION 
FLAMEPROOF ELECTRICAL INSTALLATIONS 


26-28, DORSET SQUARE, LONDON, N.W.1! 
Paddington 3488 (20 lines) 


GLASGOW MANCHESTER LIVERPOOL BELFAST NEWCASTLE CARDIFF COVENTRY 
DUBLIN WEST INDIES MALTA GIBRALTAR JOHANNESBURG DURBAN CAPE TOWN 
WELKOM RHODESIA 
Kindly mention this Journal when communicating with Advertisers 
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Horizontally Split Casing Single- Vertically Split Casing Two-Stage 
Stage Hot Oil Pumps. And Three-Stage Hot Oil Pumps. 
The above are some only of the designs included. 
Established 1875 Advertisement No, 3316 


[oulsometer Engineering 
Mine Elmstronworks.Reading. 


ENGLAND 


WASHING 


Holley Mott Plants are 
efficiently and continuously « 
washing millions of gallons 
of Petroleum products daily. 


Designed for any capacity. 


May we submit schemes to 


suit your needs? 


HOLLEY MoTT 


Continuous ous Counter-Current Plant 


“Typhagitor, Fen, London.” M. CONTINUOUSPLANT 
Telephone: FOUR LLOYDS AVENUE, LONDON, E.C.3. 


Kindly mention this Journal when communicating with Advertisers 
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Badger Designs 
ker Industry 


‘INDIVIDUAL PROCESS UNITS, 


\ 
2 


Today Badgers are engaged on many new projects 
in Great Britain, Continental Europe and Australia. 
Whatever your specific plans for plant expansion 
may be, Badger’s offer their design, procurement 
and erection services, combining American pro- 
cess “know-how” with British engineering skill. 


&.8. BA D GE R & SONS (GREAT BRITAIN) LTD. 


(A SUBSIDIARY OF STONE & WEBSTER ENGINEERING CORPORATION U.S.A) 


99 ALDWYCH LONDON W.C.2 | 


Process Engineers and Constructors for the Petroleum Chemical and Petro Chemical Industries 
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x 


COMPLETE PLANTS & REFINERIES 

HE 

| 
—_ 


GIVE EFFICIENT 
DEPENDABLE SERVICE 


These Valves have no equal for Christmas 
Tree and Flow Line service and are available 
in all sizes and for all working pressures 
normally required by the Oil Industry. 


AUTOMATIC 
LUBRICATION 
\ GATE VALVE 


Newman. Hender € Co. 


Kindly mention this Journal when communicating with Advertisers 
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NESS GLOS ENGLAND 


This Structure at the Vacuum Oil 
Company's new refinery at Coryton 
Essex, will form the basis for 
distillation and fractionating 
columns. It is being mechanically 
erected by Costain-John Brown Lid., 
and engineered by The Lummus 
Company. Fleetweld 5 electrodes 
and Lincoln machines are being 
used, of which two SAE. 300 Motor 
Generators can be seen on the job. 


World’s largest manufacturers of arc-welding equipment and electrodes G Ni 


LINCOLN ELECTRIC CO LTD - WELWYN GARDEN CITY - HERTS - WELWYN GARDEN 920 


Kindly mention this Journa! when communicating with Advertisers 
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FOR YOUR 
EVERYDAY LABORATORY REQUIREMENTS 


... 2nsist on M&B 


Over 500 different organic and inorganic chemicals, all produced to published laboratory 
standards, are available to the user of the M&B range. Drawing from long experience 
in the manufacture and use of fine chemicals, we have made a selection of specifications 
to serve a wide variety of procedures in general laboratory practice. These specifications © 
are clearly set out on the labels of the containers, giving immediate indication of the 
field of usefulness of the contents, and are carefully maintained by modern methods of 
analytical control. 
Pre-packed stocks of every item in popular-sized containers are held at Dagenham and 
by stockists throughout the country, so that orders can be promptly dealt with. More- 
over, the specially designed bottles are convenient to handle, and ensure that the 
contents are adequately protected in storage and transit. 


LABORATORY CHEMICALS & REAGENTS 


manufactured by 
MAY & BAKER LTD - DAGENHAM - ENGLAND 
Telephone ILFord 3060. Extension 40 


Kindly mention this Journal when communicating with Advertiser 
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"WITH INDUS 


ABCOCK & WILCOX Ltd. are hand 
in glove with industry. 
This close and experienced co-opera- 
tion is no conspiracy but a valuable 
contribution to industrial efficiency, 
bringing to industry the world over, 
equipment and service that ensure the 
safest, most reliable and most eco- 
nomical production of steam for process 
purposes and power generation. 
BABCOCK steam-raising plant has faith- 
fully served industry for over 
75 years and the evaporative 
capacity of boilers supplied by 
the BABCOCK organisation 
for purely industrial applica- 
tions (excluding power station 
and marine service) has 
reached the huge total of 
1,400,000,000 Ib. of steam 
per hour. 


BABCOCK 


An outdoor installation of four Babcock 


Integral Furnace boilers, each for 75,000 B 0 I L E R S) 


‘Ib./hr. (M.C.R.) at 565 Ib./sq. in. at 635°F, 


at an oil refinery in Belgium. i 


BABCOCK & WILCOX LIMITED, BABCOCK HOUSE, FARRINGDON STREET, LONDON, E.C.4 
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BROTHERHOOD 


STEAM TURBINES 


Wide range—aAll types. Over 40 years’ 
experience. Hundreds in hand and 
Thousands in service. 


BROTHERHOOD 


STEAM ENGINES 


High speed Vertical up to 500 B.H.P. 
BROTHERHOOD 


COMPRESSORS 


Air, Gas and Refrigerating. The 
widest range in the British Empire— 
made to suit your requirements. 
Thousands in service. 


BROTHERHOOD 


REFRIGERATING PLANT 


Ammonia, CO,, Freon, SO, Wide 
range—single and double acting—one 
or more stages. 


BROTHERHOOD 


GENERATING SETS 


Turbine driven up to 11,000 kw. 
Engine driven up to 340 kw. 


also Manufacturers of all kinds of 
PLANT TO CUSTOMERS’ OWN DESIGNS 
Send your problems to us 


Kindly mention this Journal when communicating with Advertisers 
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OMPRE R POWER PLANT SPECIALISTS FOR CENTURY 


PROFIT 


without 


IhOSS 


KENYON 


INSULATION theemel inculetion and foe 


all conditions. Supply of materials, application, 

supervision, on sites throughout the world. 

The photograph shows mene equipment on 


Distillation units at Shell Chemical 
Cheshire, En: 


Call in KENYON to keep the heat in 


WILLIAM KENYON & SONS LIMITED 


DUKINFIELD Telephone: ASHTON 1614/7 (4 Lines) CHESHIRE 
KH 134 


Stanlow, 
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These are sound 
engineering reasons 


The keynote of this Hayward Tyler-Byron Jackson “ VC” pump is efficiency. 
A special purpose 2-stage centrifugal, it is designed specifically for Refinery service 
where high temperatures and high pressures are involved. 

The vertically split case and cover with its fully trapped circular metallic enclosed 
gasket is certain to ensure a tight joint under high temperature and pressure. This 
joint is far more easy to make and maintain than the irregularly shaped flat gaskets 
used for horizontal split case joints. The entire rotating element may be removed 
Centre line cradle mounting permits thermal expansion in all directions under high 
temperature without misalignment. General Specification: Capacities 200-5,000 
gallons per minute. Heads up to 1,400 feet at speeds up to 3,600 r.p.m. Temp- 
eratures up to 900°F. Pressures to 1,000 p.s.i.g. 


TYLER 


HAYWARD TYLER & CO. LTD, LUTON, BEDFORDSHIRE TELEPHONE LUTON 3951 
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MADE IN SHEFFIELD IN ALL TYPES OF CAST STEEL TO THE 
DESIGN OF THE OHIO STEEL FOUNDRY COMPANY, LIMA. U.S.A. 


SAMUEL OSBORN & CO., 


LIMITED 
CLYDE STEEL WORKS, SHEFFIELD, 


ENGLAND 
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HORTONDOME ROOFS 


FIRST BRITISH EXAMPLE AT 


THE 40 ft. dia. HORTONDOME atthe 
new ocean tank terminal of the Regent Oil — 
Company, Limited, was selected in co- — 
operation with Whessoe— builders of all — 
the main tanks — after a careful study of 
methods of spirit conservation. The vapour 
space capacity of the roof is 33,500 cu. ft. : 
this is sufficient co eliminate all daily breath- 
ing losses from the tank itself and adjoining 
spirit tanks when inter-connected as shown 
by the diagram below. 


Instead of tanks breathing in and out due to 
che change between night and day tempera- 
tures, the variable vapour space balances 
these changes. 


The advantage of the Hortondome Roof 
both for new and existing tanks is that the 
system can work at the breather valve 
settings of only + I” w.g. as the flexible 
membrane in the Horntondome throws 
only slight pressure. Heavy roof construc- 
tion is not required for inter-connected 
tanks and dipping provides no difficulties. 
Daily stock measurements are facilitated by 
the S & J Automatic Float Gauges Fig. 
ST.2935 also made by Whessoe. 


Whessoe Ltd., are joint British Licensees 
for the Horton Products of Chicago 
Bridge & Iron Company with Motherwell 
Bridge & Engineering Company, Ltd., 
Motherwell, Scotiand. 


WHESSOE LTD. 


Telephones: Darlington 5315 (5 lines) ABBey 388! (2 lines) 
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In erection and opera- 

tion the Glitsch truss- 

type design effects a . 

saving in time and 

money. Maintenance, 

_ too, isgreatly simplified 

fonger cuns “on stream” possible. 
Refiners throughout the world choose these bubble 
trays for their economical processing: and 
able flexibility. 


PROPELLERS 


UMITEO 


STAINLESS STEEL ‘SPECIALISTS 
74 WAY CROYDON SURREY | 
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JET NOZZLES 
AVAILABLE OVER 
THE FULL 
10 TYPE RANGE 


UIPMENT 
BILBAO House. “Me 38 NEW BROAD STREET, LONDON, £.6.2 
one: LONdon Wall 4941-4 Subsidiary Companies Telegrams: Bultwheel, 


© PROSPECTORS, LTD. Works, Fixby, Nr. Yorks, Vel: Elland 7743 
CANADA, LTD. 10103-80th A Avenue, Tel.: Edrsontos 
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James Booth 


An interesting development of James Booth & Co. 
Ltd. is the production of “ Duplex’? Tubes, 
whereby steel tubing can be clad, inside or 
outside, with a suitable non-ferrous metal to 
resist chemical attack and corrosion, or to facilitate 
heat transfer. 


' 
' 
‘ 
‘ 
‘ 
' 
' 


The corrosion of plain steel tubes may be caused 
by the presence or passage of corrosive substances 
through or around the tubes, and may be particu- 
larly severe where the tubes are alternatively wet 
Steel eee and dry as a result of the use of cooling media. 
Such attack may be severest either inside or outside 
. the tube, depending upon the specific conditions 
Sul tably of its use. The life of tubing in cracking, fraction- 
ating or heat exchanging plant can therefore be 
extended to an enormous degree by the use of 
clad to * Duplex” Tubes. 
There are many combinations which have been 
H successfully attempted, both inside and outside 
withstand the tubing, including mild steel or stainless steel 
with brass, aluminium-brass, copper, cupro-nickel 
or aluminium alloy, all of which are selectively 
attack resistant to corrosion. 
If you have a problem arising from rapid corrosion 
of steel tubing, it is quite possible that “* Duplex ” 
Tubes may be the answer, and our Development 
Department will be glad to give you the 
fullest information. 
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LAYING OF PIPELINE 


The production and piping of oil has 
been said to depend upon compressed 
air more than any other single form of 
power. Compressed air from the first 
moment of site preparation ... compress- 
ed air for trenching and rock drilling in 
the extension of the vital pipelines... 
compressed air for the multitudinous 
items of maintenance. In applications 
such as these, three factors must out- 


weigh all others—outstanding reliability 
in compressors to ensure a continuous 
supply of air ... the highest degree of 
efficiency in compressed air tools to 
ensure the economical use of that air 
+++ and a really extensive range of 
equipment to provide a tool for every 
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purpose. Because CP meets these re- ~~. 
quirements in full measure, it certainly F 
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** Newallastic ’’ bolts and studs have qualities which 
are absolutely unique. They have been tested by 
every known device, and have been proved to 
be stronger and more resistant to fatigue than 
bolts or studs made by the usual method. 
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